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BOILERS 


All Types - All Sizes 


HE boiler buyer of today has a 

mere complex problem than ever in 
selecting from the many types of boilers 
on the market the one that is best 
suited to his conditions and that repre- 
sents the best in design and workman- 
ship for the amount he can spend. 


Combustion Engineering Corporation 
can help him reach the right decision. 
It can suit his preference and his needs 
because it manufactures all types and 
sizes of boilers. It can assure him the 
best in design because its designs are 
based on years of intimate contact with 
every development in steam generation, 
end their merit is evidenced in the re- 
peated selection of its boilers by the 
engineers of the largest utility and in- 
dustrial corporations. Leadership in 
this respect is further evidenced by the 
fact that C-E installations include the 
largest bent-tube, the largest sectional- 
header and the highest pressure boilers 
in operation in the country today. It 
can offer him the best in quality of 
workmanship because there are no 
better equipped boiler shops anywhere 
than its Hedges-Walsh-Weidner and 
Heine plants. And finally, by reason 
of its extensive experience with fuels 
and methods of firing, it can assist him 
in relating his boiler design and fuel- 
burning equipment so as to assure the 
best over-all results. 


Before you buy a boiler, investigate 
the improved designs of C-E Boilers 
and the qualifications of this company 
to give you the kind of an installation 
that will measure up to all expectations. 


A General Condensed Catalog describ- 
ing C-E Boilers will be sent upon 
request. 
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—the advantaZeS ot Raymond 
Roller Mills pulverizing from 500 pounds 


to 3 tons of coal per hour are now 


Available to 


INDUSTRIAL 
PLANTS 


The Midget Raymond Roller Mill is con- 
structed on the same principle as the larger 
Raymond Roller Mills and is equipped 


with all the latest improvements, including 














enclosed dust-tight gear drive, oil lubri- 
cated journals, automatic feed device and 
pneumatic feed control. Air separation is 


built integral with the mill—providing for 





the reduction of materials to extreme fine- 


ness and uniformity. 
A folder illustrating and describing 
the Midget Raymond Roller Mill phe Midget Raymond Roller Mill also may 


is available. If you desire a copy be operated as a kiln mill—drying and pul- 
write today. verizing in one operation. 


RAYMOND BROS. IMPACT PULVERIZER CO. 


Main Office and Works: 1310 NortH Brancu Srreet, Cuicaco, ILLinors 
200 Madison Ave., New York Subway Terminal Bldg., Los Angeles 
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Commentary by Joseph H. Keenan 





The Joule-Thomson Effect 


HEN a perfect gas flows through a porous 
plug,* its temperature does not change. In 
itself this is a useless bit of information, the 
perfect gas, like the perfect man, being not of 
this world. When an actual gas flows through a 
porous plug, its temperature changes. In thermo- 
dynamics the change is known as the Joule- 
Thomson effect. Its magnitude is usually repre- 
sented by the Joule-Thomson coefficient which is 
the rate of change of temperature with change in 
pressure during throttling. It can be determined 
experimentally by holding the pressure and tem- 
perature constant before a porous plug and meas- 
uring the temperature after the plug at several 
different pressures. These pressures and temper- 
atures trace out a curve on a p, t chart. The slope 
of a straight edge laid tangent to this curve at any 
point is the Joule-Thomson coefficient at that pres- 
sure and temperature. 

Along this throttling curve the enthalpy (or 
total heat) is constant, a familiar fact to those who 
have measured the quality of moist steam with a 
throttling calorimeter. The Joule-Thomson co- 
efficient is thus the slope of a constant enthalpy 
line on a p, t chart. 

If the Joule-Thomson coefficients are known 
over any range of pressures and temperatures, the 
line of constant enthalpy ‘passing through any 
point may be traced out by a nose-following proc- 
ess which consists of proceeding in the direction 
indicated by the Joule-Thomson coefficients found 
at each new point as the line progresses. If by 
other means the enthalpy of one-point on this 
line is determined, that value of enthalpy may be 
applied to every other point on the line. This 
method was first used by Dr. Davis in the develop- 
ment of his own experimental results. 

Whatever degree of precision is attained in a 
Joule-Thomson experiment, with that precision we 
can find changes in temperature along a constant 
enthalpy line. If these changes are relatively 
small, as they usually are, it requires only a 
moderate experimental refinement to locate the line 
with accuracy. The Joule-Thomson coefficient is 
a measure of departure of the enthalpy line from 
constant temperature, which is also its departure 
from the perfect gas relationship, wherein lies 
its value in steam research. 

Joule and Thomson found that most gases 
showed a fall in temperature across a throttle plug 
but that some few showed an actual rise in tem- 
perature. Since then it has been satisfactorily 
proven that practically all gases have a positive 


* A porous plug is spoken of, rather than an orifice or throttle valve to 
assure negligible velocity at exit. Adiabatic conditionsno heat transfer 
—are, of course, assumed. 
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Joule-Thomson effect (falling temperature with 
falling pressure) at low pressures for all absolute 
temperatures less than about six times the critical 
temperature. Above that temperature, the so- 
called inversion point, the effect becomes negative. 
Hydrogen, for instance, with its very low critical 
temperature, shows a negative Joule-Thomson ef- 
fect at room temperature. Superheated steam, on 
the other hand, shows a positive Joule-Thomson 
effect throughout the range of precise steam re- 
search, which must be extended to almost 7000 deg. 
fahr. before it includes the inversion point. 

Dr. Davis became interested in the throttling ex- 
periment when he found that some early examples 
of it held the key to the first marked improvement 
over the Regnault formula for the enthalpy of 
saturated steam. Since then he has been the chief 
exponent of the Joule-Thomson method. 

The earlier throttling experiments were of suffi- 
cient precision to revolutionize steam tables, bul 
some improvement in technique was necessary be- 
fore this type of measurement was ready to take 
its place in modern steam research. With True- 
blood, Davis spent several years finding and stop- 
ping the sources of error. He found that im- 
mersing the throttle chamber in an oil bath held 
precisely at the temperature of the incoming steam 
does not eliminate heat leak. The steam that has 
flowed through the porous plug, being lower in 
temperature, by conduction cools the steam ap- 
proaching the plug; and this in turn causes.a slill 
lower temperature on the low side which cools 
further the high side steam, which reminds one 
of how Baron Munchausen came down a rope by 
sliding to the end of it, cutting the long, now use- 
less end of the upper part, which when lied to 
the lower end, brought him a good deal lower. In 
some such fashion the steam temperatures near 
Davis’ porous plug descended toward Anlarctic 
values. Of course, Antarctic temperatures were not 
reached, but the descent was stopped by a highly 
undesirable heat leak from the oil bath through the 
cold plug into the steam. 

Trueblood’s patient work produced a throttling 
apparatus in which the heat leak was small and 
determinable. It led directly to the Davis-Klein- 
schmidt measurements, the first fruits of the pres- 
ent American steam research program. Within 
the range covered by these measurements the co- 
efficient for superheated steam is now clearly de- 
lineated, even to the details of its small variations 
at constant temperature. Knowledge in such de- 
tail leaves little uncertainty concerning the char- 
acteristics of superheated steam. 


Be Rss: NH. dkarnror 
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The Lesson of the Coal Industry 


VERY business organization of any con- 

sequence should have at least one major execu- 
tive whose principal responsibility should be the 
safeguarding of the future of the business. For 
the most part the tendency of management is to 
concentrate on the immediate problems of business 
to such an extent that developments both within 
and without the industry, which may change its 
whole complexion within a comparatively few 
years, are all too frequently unobserved. _ . 

No more glaring example of the consequences of 
this type of shortsightedness on the part of man- 
agement exists today than the case of the coal in- 
dustry. Writing in a recent issue of Black Dia- 
mond, Charles E. Stuart, notable mining engineer, 
says, “The American bituminous coal mining in- 
dustry is today insolvent, except in spots, and these 
spots are few and far between.” He further states 
that this state of affairs is not due to the current 
depression. The inception of the condition was 
manifest for some years prior to 1929 and grew 
progressively worse. Yet the factors which have 
brought about the present demoralized state of the 
industry were, or at least should have been, evi- 
dent to alert-minded executives while they were 
still in the early stages of development. Group co- 
operation among the principal operators at that 
time would have prevented general increases in 
production capacity during a period when the 
competition of oil and gas was becoming increas- 
ingly serious, and would have directed the brains 
and resources of fhe industry along the lines of im- 
proving its product and the methods of its produc- 
tion and utilization. As Mr. Stuart sums up the 
present situation, “The coal mines of the United 
States are capable of producing more than twice 
their present output, and as a result of these condi- 
fions, vast natural resources are almost literally 
being given away yearly at the expense of labor, 
the producers and capital... .” 

In these days of rapid and frequently revolu- 
tionary change, no business has the quality of per- 
manency. Even such basic industries as the pub- 
lic utilities and railroads are subject to marked dis- 
turbance as witness the change in status of the 
latter in recent years due to the growth of aviation, 
and bus and truck transportation. Again, an in- 
dustry that appears to be in the doldrums may be 
given new life by a single development such as that 
of rayon silk in the textile industry. 

Merle Thorpe in his radio talks and in the pages 
of Nation’s Business has given countless instances 
of developments and inventions which have 
radically altered the course of well-established 
businesses, and Floyd Parsons in his interesting 
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articles in Gas-Age-Record and elsewhere has 
given us many glimpses of new things on the hori- 
zon which have large social and economic import 
to the future. 

Progress is inevitable and those who are lacking 
in intelligent awareness of its manifestations are 
certain to find themselves outmoded and out- 
distanced as the procession passes by. Those or- 
ganizations whose managements believe in and 
support research and insist upon an executive per- 
sonnel which is qualified in vision as well as in 
business technique are the ones that are building 
for future as well as present success. 


The 1932 Power Show 


LL the signs would seem to indicate that the 

Tenth National Exposition of Power and 
Mechanical Engineering, to be held in Grand Cen- 
tral Palace, New York, the week of December 5th, 
will take place at a most opportune time. 

For more than two years power equipment in 
hundreds of plants throughout the country has 
been maintained in use despite the degree of its 
obsolescence. Much of it is now incapable of 
meeting normal service demands and a great deal 
more of it, while still operative, is no longer effici- 
ent or economical. 

In the period from which we are now emerging, 
many equipment manufacturers have taken ad- 
vantage of the opportunity provided by “slow 
times” to improve their products. Research and 
development work has been carried on extensively, 
and, as a consequence, there has been decided im- 
provement in practically all lines of equipment. 

In the new order of competition, minimum pro- 
duction costs will be more than ever essential to 
profitable business, and minimum production costs 
are unattainable unless power and process steam 
are produced by equipment which reflects the best 
design and practice of today. 

Industrial executives realize these things and 
want their engineers to be well-informed with re- 
spect to new and improved equipment. Operating 
engineers are equally desirous of doing their part 
in revamping and modernizing their plants. 

The 1932 Power Show, held in conjunction with 
the annual convention of the American Society 
of Mechanical Engineers and presenting as it does 
a vast array of the latest designs of power equip- 
ment, affords to visiting engineers a unique op- 
portunity to educate themselves and at the same 
time increase their value to their employers. Com- 
ing at the time it does, when so many indications 
point toward improved business in the immediate 
future, it should do much to accelerate activity in 
the power equipment field. 
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The Design of 


Steam Generating Plants 


PART IV 


Factors Influencing the Selection 
of Combustion Equipment 


By F. H. ROSENCRANTS, Consulting Engineer 


Combustion Engineering Corporation, New York 


ARIATIONS in characteristics of coal deposits 

of the United States embrace the complete 
range from peat to graphitic anthracite and in- 
cludes all intervening classifications. The result 
has been the intensive development of a wide range 
of combustion equipment including: 


Pulverized Fuel Equipment 
Underfeed Stokers 
Traveling Grate Stokers 
Overfeed Stokers 


Each of these classifications includes a variety of 
designs by individual and competitive manufac- 
turers. Each class, with its variations, is applic- 
able to a wide range of fuels and overlaps the fields 
of other classes. In fact, any one class of equip- 
ment can be adapted to burn any class of coal fuel 
at some rate and at some efficiency. The pur- 
chaser in his problem of selecting the best equip- 
ment for the job, is therefore placed in a position 
demanding a high degree of discrimination. 


Technical Characteristics of the Fuel 


Nothing is so valuable in the selection of combus- 
tion equipment as a first-hand knowledge of the 
manner in which the coal under consideration be- 
haves in the furnace and the limitations actually ex- 
perienced when burning it with different types of 
firing apparatus. 

To an engineer of even a very limited experience, 
the mere classification of the fuel, i.e., whether it 
is coke breeze, anthracite coal, bituminous coal or 
lignite, suggests limitations of any specific class of 
equipment and narrows the field of equipment selec- 
tion. A further sub-division, such as, eastern bi- 
tuminous, Pittsburgh bituminous, and mid-west 
bituminous, suggests still further equipment limita- 
tions and still further narrows the field of selection. 
Specific designation by trade name, location and 
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We take much pleasure in publishing 
this installment in the series by Mr. 
Rosencrants because we believe it is 
one of the most valuable discussions of 
the broad factors affecting and limiting 
the selection of combustion equipment 
that has come to our attention. The 
factors given the most consideration are 
fuel characteristics and size of unit, and 
in connection with both the author gives 
us the benefit of his own very wide ex- 
perience in views that are definitely ex- 
pressed yet properly qualified where he 
deems such qualification necessary. As 
he expresses it in the concluding para- 
graph, no general statements can be 
made which will serve as an infallible 
guide to the correct solution of individ- 
ual problems. The factors affecting 
each case are so many and so varied that 
general -principles should be considered 
only in the light of judgment that is 
based on extensive experience. 


seam, name of mine, etc., may so bring the coal 
within the knowledge of the engineer of broad ex- 
perience that he is in position to immediately re- 
commend equipment best suited to its use under 
the specified operating conditions. 

In giving consideration to suitability of combus- 
tion equipment, even the most experienced engineer 
thinks either consciously or sub-consciously in 
terms of— 


Caking or free burning characteristics 
Moisture content 

Ash Content 

Volatile content 

Fusing temperature of the ash 
Screen analysis 

Heating value 

Grindability 

Ete., 


on the part of the fuel in relation to— 








Combustion rate per sq. ft. of grate surface 
Heat liberation per cu. ft. of furnace 
Necessity for fuel bed agitation 

Kase or difficulty of ignition 

Carbon loss in fly ash 

Slagging and clinkering 

Power and maintenance 

Etc., 


Unless he possesses a very intimate and positive 
knowledge of the coal in contemplation, he will re- 
quire, before making a final committment, and in 
confirmation of the knowledge already at his com- 
mand, a proximate analysis showing moisture, 
volatile, fixed carbon, ash and sulphur content; also 
the fusion temperature of the ash and a heating 
value determination. 

Technical knowledge of a fuel covering the above 
enumerated points will in itself serve as a reason- 
ably accurate guide in most cases as to the particu- 
lar type or types of equipment most suitable to its 
use. In the absence of any knowledge based on ex- 
perience with the particular coal in question, how- 
ever, estimates of capacity limits, furnace losses 
and performance generally will be uncertain until 
established in actual operation. 


Limitations of Equipment as Fixed by Fuel Supply 


Pulverized fuel firing, the most recent system of 
firing to be developed on a commercial scale, 
covers a wider range of adaptability than any other 
class of combustion equipment. Even so it is not 
universally applicable. 

Coke (coal by-product) should rarely and prob- 
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Large double boiler arranged for vertical firing from both sides. 
Bin and feeder system. 
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Direct fired boiler with horizontal burner. (Burner may be 
designed for combination firing of coal, oil and gas.) 


ably never be considered as a fuel for pulverized 
fuel firing. The energy requirements and main- 
tenance charges involved in the pulverizing pro- 
cess will, in nearly if not in every case, exceed eco- 
nomic limits. This condition arises, first, from the 
abnormal fineness to which coke must be ground 
to secure an approach to satisfactory combustion 
conditions, and second, to the highly abrasive 
character of the material and the consequent rapid 
wear on pulverizing equipment. Furthermore, 
coke is not a satisfactory fuel to burn in pulverized 
form. The absence of volatile matter makes it very 
difficult to ignite, and as a result satisfactory fur- 
nace conditions upon starting up are difficult to 
establish and also to maintain, particularly at low 
ratings. Carbon losses in the fly ash, even with 
very fine grinding, will be high with corresponding 
loss in efficiency. More satisfactory results will in- 
variably be attained with a properly designed 
traveling grate stoker and furnace installation. 

Anthracite coal should seldom, and for the same 
reasons as applying to coke, be considered as a 
suitable fuel for pulverized fuel firing. Some in- 
stallations are in successful operation, but with the 
exception of those instances in which the fuel be- 
fore pulverizing is very fine in size, more satisfac- 
tory performance will be secured with a suitably 
designed traveling grate stoker and furnace in- 
stallation. 

All other coals from semi-anthracite down to and 
including lignite, are entirely suitable for and are 
being fired extensively in pulverized form. For 
boilers of extremely high capacity, say 500,000 lb. 
of steam per hour and above, pulverized fuel firing 
is practically without competition simply because 
of the fact that stoker equipment is not established 
for ratings of such magnitude. Whether or not 


September 1932—COMBUSTION 























stokers can be developed along lines such as to 
make them attractive in competition with pulve- 
rized fuel in this range of capacity, is a matter for 
speculation. As we descend the scale of capaci- 
lies, pulverized fuel comes more and more into 
competition with traveling grate and retort type 
stokers, either of which in specific cases may be 
selected in preference to pulverized fuel for good 
and sufficient reasons. 

In the stoker field the superior merit of the un- 
derfeed stoker, both multiple and single retort type, 
for low ash coals having strong caking character- 
istics, is undisputed. It will not, however, satis- 
factorily handle coke breeze, anthracite or lignite 
and its advantages diminish and finally disappear 
as the caking tendency of the coal diminishes and 
the ash content increases and becomes more fusi- 
ble. Coke, anthracite and lignite are difficult to 
ignite and would require an arch over the front 
end of the stoker to maintain ignition of the in- 
coming fuel. None of these fuels has any tendency 
to cake when heated and all burn better if left un- 
disturbed. 

The fuel bed of strongly caking coal forms into a 
solid mass through which it is impossible to obtain 
a flow of air in sufficient volume to give a satis- 
factory combustion rate. To obtain volume of air 
flow and uniformity of distribution it is necessary 
to continually agitate the fuel bed and keep it 
broken up until the volatile matter is driven off. 
Forced draft and a thick fuel bed are essential. 
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Steam generator arranged for tangential firing 
from the four corners. 
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Multiple retort type stoker for medium-size and large boilers. 


The retort type stoker has been developed to meet 
these requirements and it is in almost universal use 
in stoker-fired plants using coals from the Appala- 
chian region. Coals from along the eastern edge of 
this region, running through the States of Pennsyl- 
vania, Maryland and West Virginia, will not burn 
satisfactorily on any other type of stoker. 

These coals all have strong caking tendencies. 
The proximate analysis runs: 


Volatile 16 to 23 per cent 
Fixed Carbon 67 to 76 per cent 
Ash 3 to 10 per cent 
Moisture 2to 5 per cent 


Heat Value 14,000 to 15,000 B.t.u. per Ib. 


The retort type of stoker has been applied with 
some degree of success to the burning of non-cak- 
ing or free-burning coal with high ash content. 
In doing so, however, it is over-lapping the field 
for which the traveling grate stoker was primarily 
designed. Free-burning coals do not need agita- 
tion and in fact burn better if the fuel bed is undis- 
turbed. Agitation aggravates the formation of 
large clinkers which incorporate within their mass 
large percentages of carbon and which are difficult 
to remove from the furnace. 

The traveling grate stoker in some form is 
adapted to all forms of solid fuel including coke 
breeze, anthracite, bituminous coal and lignite. It 
will not, however, satisfactorily handle the coals 
which cake into large solid masses when heated. 
Such coals include a large part of the production 
from the Appalachian region. Some of the coals 
from this region will burn satisfactorily on travel- 
ing grates but careful investigation should be made 
before deciding on a traveling grate for any coal 
from this region. 

Insofar as bituminous coals are concerned, the 
traveling grate finds its great field of application in 
connection with the coals of the middle west, in- 
cluding the States of Indiana, Illinois, Iowa, 
Missouri and Kansas. It also handles the sub- 
bituminous coal of Colorado and the lignites of 
Texas, North Dakota and Montana. 

A certain minimum limit of 7 to 10 per cent of 
ash as a protection to the grate surface was, until 
the advent of rear arch settings, considered essen- 
tial to successful operation with traveling grades. 
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Underfeed stoker for small and medium-size boilers. 


With the rear arch setting, however, the rear end 
of the stoker is shielded from the radiant heat of 
the furnace and over-heating is prevented. This 
type of setting is gaining popularity and except in 
the case of very short stokers promises to supersede 
the old front arch construction for all fuels from 
coke breeze to lignite. 

With the front arch, ignition of the incoming 
fuel was effected by the radiant heat from the 
highly incandescent arch. With the rear arch 
setting, the heat for drying and igniting the in- 
coming fuel comes from the furnace flame as it 
issues from under the arch. The incandescence of 
the arch itself ceases to be a factor and the arch 
may be of water cooled construction if desired. To 
effectively mix the volatile gases distilled from the 
incoming fuel with the gases issuing from under 
the arch, overfire air in the form of jets is desir- 
able; in fact is essential to obtain the best results 
with high volatile coals. 

The overfeed stoker has a limited field of appli- 
cation in connection with boilers of small and 
medium capacity operating at moderate ratings. 
Its mechanism provides a small amount of agita- 
tion which enables it to burn coals having some 
caking tendencies and also free-burning coals. It 
is primarily designed for natural draft and oper- 
ates with a thin fuel bed compared with the retort 
type stoker. The agitation of the fuel bed aggra- 
vates clinker formation with coals having a high 
ash content of low fusion temperature. With mod- 
erate combustion rates of 20 to 25 lb. of coal 
per square foot, per hour, however, overfeed 
stokers give a satisfactory performance and meet a 
considerable industrial demand. 


Influence of Capacity on Equipment Selection 


For units of extreme ratings, about 350,000 lb. 
per hr. and up, pulverized fuel should receive fore- 
most consideration. Units producing over 41,000,- 
000 lb. of steam per hr. with pulverized fuel firing 
are now operating. Larger units up to the limit of 
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size that it is possible to build a boiler may be pul- 
verized-fuel fired without encountering any new 
problems. The absence of machinery associated 
directly with the boiler makes this possible. Mills, 
pulverized coal feeding and burning equipment 
may be supplied in the required number of stand- 
ard units to give the capacity. 

Manufacturers of retort type stokers claim to be 
prepared to meet demands for units of over 350,- 
000 lb. per hr. capacity, but thus far such 
units are not established in service and their de- 
velopment along acceptable lines is for the present 
a matter of speculation. Of course, this does not 
apply to units where the boiler surface can be so 
distributed as to permit the installation of two 
stokers in a single furnace. Where such arrange- 
ments are practicable, somewhat higher capacities 
can be obtained with stoker firing. 

Boiler units and furnaces increase in capacity in 
proportion to the cube of their linear dimensions. 
The grate surface of a stoker unit increases only 
with the square feet of plant area. For the stoker 
capacity to keep pace with the boiler capacity as 
the size is increased means that the combustion 
rate on the stoker must be progressively increased. 

For either retort type or traveling grate stokers, 





Overfeed stoker for small boiler using light caking or free 
burning coal. 
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with the most suitable qualities of coal, a combus- 
tion rate of 45 to 50 lb. per sq. ft. approaches the 
limit for comfortable operation. Sixty pounds, 
and under the most favorable conditions, even 70 
lb. of coal per sq. ft. is a possibility with expert 
nursing. At a rate of about 40 lb. per sq. ft. the 
cinder blown from the fire-bed and up through the 
boiler is moderate. At about this point, however, 
the rate of increase becomes rapid and continues 
with an accelerated pace until at rates much in ex- 
cess of 55 lb. it is prohibitive. 
not popular and are seldom advisable. 

Increasing the width of a retort type of stoker 
introduces no new operating difficulties. Increas- 
ing the length, however, intensifies the problem of 
distribution. With extremely long stokers a con- 
siderable period of time is likely to be absorbed in 
developing the proper technique in following up 
adjustments of rams, pushers, clinker grinders, 
and air distribution to meet the demands of vary- 
ing loads. The demands on operating technique 
are certainly increased as the retort type stoker 
becomes larger and longer, as the rate of combus- 
tion per square foot increases and as the quality of 
the coal becomes poorer. All of these factors re- 
act against this: type of combustion equipment for 
capacities in excess of 350,000 lb. per hr. for the 
best grades of coal. For poorer grades of coal, 
lower capacity limits apply. 

Traveling grate stokers have not thus far been 
built in this country for steam capacities much in 
excess of 200,000 lb. per hr. A 250,000 Ib. unit may 
be considered as a present limit which can be fired 
with traveling grates without further development 
in design and construction features. 

The operating problems. with large traveling 
grates are but little increased over those encoun- 
tered with smaller units. Fuel bed thickness, 
stoker speed and air distribution are the major 
variables. The ash discharge is. continuous and 
automatic. With a reasonable amount of experi- 
ence and a well designed installation, a proper 
operating technique will be developed in a short 
period of time. 

With a descent in the scale of capacities the 
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Traveling grate stoker with long rear-arch-type furnace 
designed for lignite. 
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Extreme rates are: 
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Chain grate stoker with completely water-cooled, combination- 


arch-type furnace designed for bituminous free-burning and 
light-caking coals. 


economic advantages of pulverized fuel firing 
diminish and finally disappear in favor of stokers. 
The exact point of equilibrium between the two de- 
pends on many circumstances such as character 
and price of fuel, load factor, ete. At 75,000 Ib. 
steam per hr. and below, however, the economic 
advantages will normally be in favor of stoker fir- 
ing. Special fuel or unusual load conditions, vari- 
able character of fuels available, etc., may, how- 
ever, dictate the desirability of pulverized fuel fir- 
ing for much lower capacities. 

The chief element of disadvantage of pulverized 
fuel on the small and medium-size boilers is most 
likely to be that of cost. For best results, both 
economically and from an operating point of view, 
pulverized fuel furnaces should be water-cooled. 
In the absence of water cooling, the furnace should 
be made large or be operated with high excess air 
as a means of limiting furnace maintenance. This 
is particularly true with coal having a high ash 
content which fuses at low temperature and for a 
plant which contemplates high load factor, 24-hr.- 
per-day operation. For a low load factor plant on 
8 to 12-hr.-per-day service, the precaution is less 
important. 

Water cooling of the furnaces, while highly de- 
sirable and particularly so if high-load-factor, 24- 
hr.-per-day operation is contemplated, is not 
so essential for medium and small-size stoker- 
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Chain grate stoker with water-cooled, rear-arch-type furnace 
designed for small sizes of anthracite. 


fired jobs. If a modest rate of combustion per 
square foot of grate surface is adopted, the furnace 
temperature and the amount of coal dust and ash 
entrained in the furnace gases will be such that the 
consequent erosion of brickwork will be within 
reasonable limits. So designed, the cost of the 
stoker-fired job and efficiencies attainable will in 
many cases give overall economic and operating 
results which cannot be equalled with pulverized 
fuel firing. 

For the range from 75,000 to 350,000 lb. per hr., 
above which pulverized fuel firing is favored and 
below which stoker firing is favored, there lies a 
wide and popular range of unit capacities. 
Whether in any specific case a unit should be 
stoker or pulverized fuel fired will depend upon the 
particular set of circumstances surrounding the 
case. Personal preference is no small factor and 
if the decision based on economic considerations is 
at all close, slight differences in the basic assump- 
tions of such factors as first cost, operating effi- 
ciencies, price of fuel, load factor, rate of fixed 
charges, etc., can be made to make the final answer 
just whatever is desired. 


Influence of a Variable Fuel Supply 


In the ability to utilize coals of widely varying 
characteristics indiscriminately in the same fur- 
nace and without materially altering the routine 
of operation lies a major advantage of pulverized 
fuel firing. Such flexibility is undisputed. It 
places a plant in a most advantageous position 
from a fuel-purchasing point of view if it is so 
placed that coals of varying characteristics are 
equally available. 

Stoker equipment, though adaptable to the use of 
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a considerable range of coal characteristics, cannot 
make the change from one to the other indiscrimi- 
nately. Each coal will require a certain operating 
technique and it is extremely unlikely that the 
available coals of varying characteristics will be 
equally satisfactory. 

If the idea of variation of fuel characteristics is 
extended to cover combinations of coal and oil, 
coal and gas or coal, oil and gas, then pulverized 
fuel firing for the coal has all the advantages in its 
favor over stokers—even for small-size units. 


The Fly Ash Problem 


The fly ash problem is often a factor adversely 
affecting the choice of pulverized fuel firing in 
preference to stoker. The importance of this factor 
will depend upon the location of plant, with refer- 
ence to its immediate surroundings, upon its capa- 
city and upon the amount of ash in the fuel. With 
small and medium-size plants located in an indus- 
trial neighborhood the problem is not usually seri- 
ous and no special precautions need be taken. For 
the other extreme, however, of a large plant located 
contiguous to a high-class residential neighbor- 
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Traveling grate stoker with water-cooled, combination-arch- 
type furnace designed for coke breeze. 


September 1932—COMBUSTION 














hood or a shopping center, the removal of fly ash 
from the flue gases must be provided for. In many 
cases all that is necessary is a good high stack. [n 
others, a comparatively simple and inexpensive 
dust removal equipment for partial elimination of 
the dust will serve to reduce the fly ash within per- 
missible limits. In others, substantially complete 
elimination requiring an expensive installation 
will be demanded. 

The problem of fly ash removal is not peculiar to 
pulverized fuel as similar requirements will be 
placed on stoker fired installations. The fly ash 
from stokered plants, however, is invariably,less in 
quantity and though it is of a more objectionable 
character due to its coarseness, it is more easily 
and less expensively removed. If combustion rates 
per square foot of grate surface are maintained ata 
low figure many stoker installations will pass re- 
quirements with no special equipment for dust re- 
moval whereas pulverized fuel firing would require 
such apparatus. 

In conclusion it should be emphasized that no 
general statement is possible which will serve as 
an infallible guide to the correct selection and de- 
tail proportioning and construction of combustion 
equipment. There is no substitute for good judg- 
ment based on extensive experience. Furthermore, 
the final success of an installation depends as 
much upon the perfection of detail in design and 
construction as upon the wisdom in the selection 
of the general type of equipment. Both are essen- 
tial. 


Worthington Consolidates Cincinnati 
With Buffalo Plant 


Worthington Pump and Machinery Corporation, 
with executive offices at 2 Park Avenue, New York, 
and general offices at its Harrison, N. J., Works, 
has announced the decision to transfer and con- 
solidate the designing, engineering and manufac- 
turing activities formerly carried on at its Cincin- 
nati, Ohio, Works, with those of its Buffalo, N. Y., 
manufacturing plant. 

During the past five years it has been the cor- 
poration’s policy to foster the interchange of work 
between its various manufacturing establishments 
and to further this coordination by an interchange 
of key men. In order to fully conserve its position, 
skill and experience, and to assure satisfactory 
service to its customers, necessary members of the 
Cincinnati Works organization are being trans- 
ferred to Buffalo. Sufficient time is being provided 
for the move so that service to customers will be 
uninterrupted. 

For the present, the Cincinnati plant equipment 
will remain intact. This move in no way affects 
Worthington’s Cincinnati District Sales Office, 
which is under the management of Mr. Earl 
Vinnedge. 
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Edison Company to Celebrate Fiftieth 
Anniversary First Permanent Commercial 
Electric-Lighting System 


Frank W. Smith, President of the New York 
Edison Company, has announced that plans are 
being made to celebrate the fiftieth anniversary of 
Thomas A. Edison’s first permanent commercial 
electric lighting system, the pioneer of the present 
globe-encircling electric light and power industry. 
Edison’s pioneer plant was the old Pearl Street 
Generating Station, at 255-257 Pearl Street, in 
lower Manhattan, which was placed in commer- 
cial operation at 3 p. m., Monday, September 4, 
1882. 

The celebration will be held on two dates—Sep- 
tember 4 and 12. The September 4 program, which 
will come on Sunday, will be a brief ceremony 
held at 3 p. m., at the site of the old station. The 
second celebration will be a dinner at the Waldorf- 
Astoria, to which representatives of the electrical 
industry in its various branches, and of civic, 
scientific and engineering bodies are being invited. 

Mr. Smith pointed out that Edison’s first station 
opened with fifty-nine customers, and with a gen- 
erating plant of six dynamos, each of which could 
light from 1200 to 1750 sixteen candlepower incan- 
descent lamps. Today through the electric compa- 
nies affiliated with the Consolidated Gas System, he 
said, there are more than two million consumers 
supplied, with a total generating capacity in the 
various plants which represents power to light 
more than 47 million 50-watt lamps. 

By 1882 the Edison Electric Illuminating Com- 
pany had 78 employees on the payroll, as con- 
trasted with more than 31,000 among the affiliated 
electric companies at this date. 

Today the industry serves more than 24 million 
customers in this country alone. The pioneer com- 
pany had a capitalization of $1,000,000. Today 
about 43 billion dollars is invested in the industry 
in the United States. The original 750 hp. capacity 
of the Pearl Street Station has grown to 46,000,000 — 
hp. in the United States. 





The Mercon Regulator Company, Chicago, an- 
nounces the appointment of the following new dis- 
trict representatives: The Laney Company, Tulsa, 
Okla.; Ambler & Riter, Inc., Denver, Colo.; L. J. 
Riter, Salt Lake City, Utah; Hughes Machinery 
Company, Kansas City, Mo. 





Correction 


In the article by C. E. Joos, published in the Aug- 
ust issue, the titles of Figs. 6 and 7 should be inter- 
changed. The diagram shown in Fig. 7 is that of 
the feedwater cycle at the Beacon Street Plant of 
the Detroit Edison Company, and that shown in 
Fig. 6 is the cycle employed by the Louisiana Steam 
Products Company. 
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Patents 


By GEORGE RAMSEY 
NEW YORK 


Patent Lawyer 
Member A. S. M. E. 


PART Il 


The Patent Office 


The application for patent having been executed, 
the applicant usually has the feeling that his part 
of the proceeding is completed, and that the appli- 
cation is going to the Patent Office in Washington. 
The Patent Office, to most applicants, is merely a 
Government institution to which applications for 
patents are sent and through which patents are 
granted. This is the extent of knowledge of the 
majority of the public on this subject. A brief 
sketch of the historical background and a short 
survey of the working of this important bureau 
will increase both our knowledge of and our inter- 
est in patents. 

When the seat of Government was brought from 
Philadelphia to Washington in 1800, a single clerk 
in, the Department of State was in charge of 
patents. In 1801, Dr. William Thornton, a citizen 
of English birth and very interesting personality, 
was appointed by Secretary of State Madison to 
take over this work and was assigned a clerk as an 
assistant and also a messenger. Dr. Thornton was 
educated as a physician and had a great interest in 
scientific matters and was also an architect. He 
submitted plans for the Capitol Building which 
were of great interest to President Washington and 
he was the architect for the building known as the 
Octagon Building in Washington in which Madi- 
son lived for some years. The patent bureau was 
not established by law but was instituted by Madi- 
son as a part of the Department of State. This 
bureau occupied a part of a two-story house on 
Eighth Street, between E and F Streets, N.W., 
Washington and a single pony was kept by the 


* All rights reserved by the author. 
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This month Mr. Ramsey takes us into the 
U. S. Patent Office and tells us all about 
that quite amazing organization which is the 
depositary of some two million patent docu- 
ments and which represents protection to 
capital investment running into billions of 
dollars. Before telling us of its present 
structure and functioning, however, he gives 
us an interesting insight into its history, 
sketching briefly the story of its develop- 
ment from an office presided over by a 
single clerk to one of the largest and most 
important of federal departments. It is well 
for those who have occasion to use the 
facilities of the Patent Office to know some- 
thing of its various divisions, their services 


and procedures. Mr. Ramsey not only gives 


a clear picture of these things but his 
article is worth reading as a highly interest- 
ing and instructive exposition of a_ vital 
Government activity. 


Government for the use of the messenger to ride 
through the unpaved streets from the patent 
bureau to the Department of State to carry patents 
to be signed and sealed. 

In 1810, Congress passed a law authorizing the 
President to erect or purchase “a building suit- 
able for the accommodation of the General Post 
Office and the office of the keeper of patents.” 

Pursuant to this law, a building on E Street, N. 
W., between Seventh and Eighth Streets was pur- 
chased. This building was built in 1793 as a hotel 
and as a playhouse. This was the first theatre in 
Washington and was known as the “United States 
Theatre.” When the British invaded Washington 
and burned the Government buildings in 1844, Dr. 
Thornton appeared on the portico and said: “This 
is the emporium of the Arts and Sciences of 
America; don’t burn it.” The British officer, 
greatly to his credit, ordered his soldiers to spare 
this building. The building was enlarged as the 
business of the post office and of the patent bureau 
grew but on December 15, 1836, the entire building 
was destroyed by fire. At this time, the patent 
force had been enlarged to seven persons including 
the messenger. After the fire, the bureau took up 
quarters in the City Hall. 

In 1836, Congress recognized the importance of 
patents and passed the Act known as the Act of 
1836, which is the forerunner of the acts upon 
which the present system is founded. This act es- 
tablished both the Patent Office and the “Commis- 
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sioner of Patents.” This same year Congress pro- 
vided for the building of a special structure to be 
known as the Patent Office. This building was to 
occupy two squares from Seventh to Ninth Streets 
between F and G Streets. The first Commissioner 
of Patents was Henry Ellsworth and in his report 
to Congress after the disastrous fire, he describes 
the enormous loss and strongly urged that the new 
building should be fire-proof. According to Com- 
missioner Ellsworth’s report, the fire burned one 
hundred and sixty-eight large folios of records; 
nine thousand drawings, “some of which were 
beautifully executed and very valuable”; about ten 
thousand original specifications of inventions, 
and about seven thousand models. William P. 
Elliott was chosen as the architect for the new 
building. He was the son of one of Dr. Thornton’s 
assistants and had acted as a draftsman in the 
patent bureau during part of the time his father 
was in office. The following quotation from the 
diary of the architect shows an interesting side- 
light on President Jackson who ordered that the 
first wing of the new Patent Office building should 
be erected on the “southwest corner of the reserva- 
tion No. 8, instead of the center of the south side, 
because he did not wish to disturb the log cabin 
of an old squatter on the public land. I observed 
that the plan covered the whole square, and that 
if his order was carried into effect it would destroy 
the plan. That rather than this should take place, 
] would give the old woman a residence as long as 
she lived. He said that his order must be obeyed. 
The conversation as to the consequences of his 
order became rather angry. I left him in that 
mood, and myself disappointed.” Apparently, the 
matter was adjusted to the satisfaction of all 
parties and the building operations proceeded ac- 
cording to plan. The south wing was completed 
in 1840 and the Patent Office moved from the City 
Hall into the new quarters. 

In 1877, there was a disastrous fire in the third 
floor of this supposed fire-proof building in 
which many valuable records were destroyed. 

In 1849, the Department of Interior was formed 
and the Patent Office was transferred to this De- 
partment. The Department of Interior, with its 
many branches, including Agriculture, Commerce, 
Labor, (all of which have become independent De- 
partments) and other bureaus such as the Alaskan 
Commission, the Land Office, the Pension Office, 
the Indian Office, occupied a part of the new 
Patent Office building. The Patent Office gradually 
grew to such an extent as to force out of the Patent 
Office building all other bureaus and Departments. 
Finally, the Patent Office increased to well over one 
thousand persons and became so crowded in the 
Patent Office building that it was necessary for a 
further move. In 1925, President Coolidge trans- 
ferred the bureau of the Patent Office to the De- 
partment of Commerce, so that when the Depart- 
ment of Commerce building located between Four- 
teenth and Fifteenth Streets, and extending from B 
Street to E Street, N.W., was being built, provision 
was made for the Patent Office, and in 1932 the 
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Patent Office in its entirety, moved to new quarters 
in the Commerce building. - 

We have briefly sketched the growth and 
changes in the Patent Office in the past and it is 
expected that the growth will continue into the fu- 
ture. Now we will analyze the Patent Office as it is 
constituted today. 


Commissioner of Patents 


The chief executive of the Patent Office is the 
Commissioner of Patents who is appointed by the 
President by and with the consent of the Senate, 
and the Commissioner usually changes when the 
political complexion of the Administration is 
changed. The Commissioner, under the Secretary 
of Commerce, has full charge of the Patent Office, 
and while his office theoretically includes duties in 
the nature of administrative, executive, and judi- 
cial functions, his time is largely employed in con- 
sultation with heads of his departments, attending 
committee meetings of Congress on proposed 
changes in the patent laws, and in the general 
administration of the Patent Office. Because of 
his position, he may at any time personally take 
up for consideration any important matter before 
the office such as unusual and important petitions, 
or unusual and important problems. In most cases, 
however, these matters are settled through his as- 
sistants. He makes the “Rules of Practice” for the 
conduct of business of the Patent Office. These 
Rules of Practice must be under and in strict ac- 
cordance with the Patent Laws, and must have the 
approval of the Secretary of Commerce before be- 
ing adopted. When the Rules are adopted, they 
have the force and effect of statutes and are bind- 
ing on the Officials of the Patent Office as well as 
the body politic at large. While the Commissioner 
of Patents is politically appointed, he is usually 
selected from the Patent Bar or from the Examin- 
ing Corps of the Patent Office. This has been more 
particularly true in later years than in former 
years. All business of the Patent Office is con- 
ducted in the name of the Commissioner of 
Patents and all communications must be addressed 
to the “Commissioner of Patents.” 


Assistant Commissioners 


There are at present three Assistant Commis- 
sioners of Patents also appointed by the President 
by and with the consent of the Senate. These As- 
sistant Commissioners perform such duties per- 
taining to the office of the Commissioner as he may 
from time to time assign to them. These duties 
include consideration of all petitions such as peti- 
tions for reviving abandoned cases, petitions to in- 
spect the files, petitions for review of informalities 
in applications or drawings not provided for con- 
sideration on appeal under the Rules of Practice; 
also, coordinating of the departments of the Office; 
or other duties which would ordinarily fall upon 
the shoulders of the Commissioner. In the past, an 
appeal was allowed to the Commissioner in many 
cases. This appeal has been eliminated by statute 
so that the final appellate tribunal of the Patent 
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Office is the Board of Appeals and in order that the 
decisions of this Board may have the same force 
and effect as if the appeal were considered by the 
Commissioner, one of the Assistant Commissioners 
sits at each hearing of the Board. 


Board of Appeals 


The Board of Appeals comprises at present nine 
members recommended by the Commissioner and 
appointed by the President by and with the con- 
sent of the Senate. These members are usually, 
although not always, chosen from the Examining 
Corps. Occasionally, a member of the Patent Bar 
may be selected by the Commissioner for the posi- 
tion of Member of the Board. It is the duty of the 
Board of Appeals to hear and decide all appeals 
allowed by the Rules of Practice. These appeals 
may include final rejections (that is, a final re- 
fusal of the Examiner to allow a claim); final de- 
cisions from the Examiner of Interferences such 
as holding counts (that is, claims involved in an 


interference) unpatentable; or appeals of a de- 


feated party in an interference. Two members of 
the Board and an Assistant Commissioner sit at 
each hearing. Other members of the Board and 
Assistant Commissioners are free during this time 
to consider cases which have been heard and 
formulate their decisions relating thereto. 

All other officers, clerks and employees of the 
Patent Office are appointed by the Secretary of 
Commerce upon recommendation by the Commis- 
sioner. 


Legal Department 
The legal department, which is closely associated 
with the Commissioner, comprises a Solicitor and 
assistants including Law Clerks, all of whom are 


members of the Bar, and who usually have been ’ 


members of the Examining Corps. They attend to 
the legal business of the Office. The laws provide 
that where an applicant has been refused a patent 
by the Patent Office, (that is, by a decision of the 
Board of Appeals), the applicant may appeal to 
the Courts and in such cases a Solicitor or assistant 
appears before the Court on behalf of the Patent 
Office and argues in support of the Patent Office 
decision. Occasionally, in an interference case; the 
Solicitor may appear but as a rule only the con- 
testants appear before the Court. Where a man- 
damus proceeding is brought to compel the Com- 
missioner to act on some matter on which he has 
refused to act, a Solicitor usually defends the 
Commissioner in such case. In other words, the 
Solicitor and his assistants take care of legal mat- 
ters wherein the Commissioner in his official ca- 
pacity is involved. 


Interference Division 


The Interference Division comprises three Inter- 
ference Examiners and assisiants, whose duty it is 
to handle all interference cases. These Examiners 
and Assistants are all chosen from members of the 
Examining Corps. When two or more applicants 
each attempt to obtain a patent based upon the 
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same invention (though usually in a different 
form or embodiment), the Patent Office being com- 
pelled by law to issue the patent to the first ana 
original inventor, declares what is termed an “‘in- 
terference” which is in the nature of a judicial pro- 
ceeding to determine which of the contestants is, 
under the law, the first and original inventor. This 
procedure is very complex and involves motions, 
testimony, final hearings, ete. 
Examining Corps 

The department of the Patent Office with which 
the ordinary applicant is usually most concerned is 
the group known as the Examining Corps which 
examines all applications for patent, the cases 
being taken up in each Division by the Examiners 
in chronological order of filing. This does not 
mean each case in relation to all other cases in the 
Office are acted on in chronological order, because 
some Examiners may be further up with their 
cases than other Examiners even in the same Divi- 
sion. This Examining group is divided into Divi- 
sions, of which at present there are sixty-five, and 
also a special Division for examining applications 
for design patents. Each of these Divisions has as- 
signed to it certain groups of subject-matter in 
which applications for patents are to be examined. 
Each Division is presided over by a Principal Ex- 
aminer, under whom are First, Second, Third, and 
Fourth Assistants; the Fourth Assistants being the 
latest recruits to the Examining Corps. The Ex- 
amining Divisions have files in which are copies 
of all United States and most foreign patents per- 
taining to the particular arts being examined by 
the Division. These copies of patents are mounted 
on cardboard and are arranged in cabinets com- 
prising sliding drawers or shoes holding about fifty 
of the mounted copies of patents. These drawers 
are arranged in file cabinets according to specific 
classifications of groups of mechanisms or devices, 
so that the Examiner studying an application may 
easily refer to prior art references applicable to the 
claims of the case being considered. For example, 
the art of typewriters is sub-divided into many sub- 
classes, one of which may relate to keyboards, an- 
other to carriage mechanism, another to frames, 
ete. The Examining Corps cover the entire scope 
of the industrial arts, and related arts as nearly as 
possible are assigned one Division. However, it is 
not always possible to have the same Division de- 
voted to allied industries. For example, one Di- 
vision at present is examining the arts of Abrading 
and Typewriting, which, of course, are unrelated. 
The assistants, however, who are examining type- 
writing inventions will not ordinarily be assigned 
to examine abrading inventions and vice versa. 
Each Examining Division is a complete entity, 
having its own clerk and stenographer, and corre- 
sponds directly with applicants for patents, all 
correspondence, of course, being in the name of 
the Commissioner of Patents. 

The members of the Examining Corps are chosen 
by competitive civil service examination, as are all 
other employees of the Patent Office, except those 
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which the law specifically provides may be ap- 
pointed by the President. The civil service exami- 
nation for the position of Assistant Examiner in 
the Patent Office is a very difficult and strict ex- 
amination which is changed from time to time. A 
typical examination includes the following sub- 
jects: mathematics, through and including cal- 
culus; physics, as taught in the higher universi- 
ties; chemistry, organic and inorganic, quantita- 
tive and qualitative analysis; technics which covers 
the whole of the industrial arts, mechanical, chem- 
ical and electrical, including the operation of ma- 
chines, plants, and everything pertaining to the 
industrial arts; translations of scientific matter 
from English into French and German, and trans- 
lations of a short scientific dissertation from Ger- 
man and French into English; and specification 
writing, that is, the requirement of writing a de- 
scription of a machine from a drawing thereof. 
This description must describe all of the me- 
chanical parts shown in the drawing, part by part, 
in their relation and operation to other associated 
parts. If the contestant passes this examination 
with an average grade of 70 per cent, he is placed 
on the eligible list as a Fourth Assistant Examiner. 
In this connection, it is interesting to note that 
Commissioner of Patents Fisher, in 1869, estab- 
lished an examination as a requirement for pro- 
spective members of the Examining Corps. This 
was long before the adoption of the Civil Service 
act and is probably the first competitive examina- 
lion for selection of a Government employee. Be- 
fore that time, the Examiners were merely political 
appointees. Gommissioner Fisher recognized the 
necessity of having scientifically trained men as 
Examiners and this led to the examination system 
specified. Individual examiners usually work for 
a long period of time on the same class of inven- 
tions. This is of benefit to the applicants for 
patents and also to the work in the Patent Office 
because after having been long associated with a 
particular art, the Examiner’s knowledge of the 
art is such that his labors of searching for refer- 
ences is greatly diminished, and the applicant has 
the advantage of knowing that his case has been 
well considered. Not only that, but when an Ex- 
aminer has been long associated with an art, he 
becomes more capable of recognizing that appar- 
ently a small change may result in a very valuable 
advance in the art, and, therefore, the longer the 
Examiner is associated with an art, the more con- 
siderate he is liable to become in connection with 
new applications. 


Classification Division 


An important division of the Patent Office is the 
Classification Division presided over by a Principal 
Examiner, who is in charge of assistant Examiners 
doing the work of classification. This work in- 
volves one of the most difficult problems of the 
Patent Office, because on the judgment of the 
Classification Division there depends an orderly 
arrangement of all patents relating to all the In- 
dustrial Arts and Sciences. This work raises very 
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complicated questions where arts overlap such as 
for example, adding machines and typewriters, the 
various electrical appliances, etc., and a great re- 
sponsibility falls upon this division because of the 
practical necessity of grouping together all re- 
lated patents in proper classes. It would be ob- 
viously impossible for either the Examining Corps 
or the public to search each of the substantially 
two million patents to determine the question of 
novelty of an invention, and validity or infringe- 
ment of a patent. Therefore, the Classification 
Division attempts to provide main and sub-classes 
of inventions relating to a specific subject-matter. 
If the subject-matter falls squarely on the border 
line, it is classified in one class and copies called 
“cross-references” are put in the other related 
classes. The main classes are divided into numer- 
ous sub-classes under the main heading, so that if 
a question as to a particular part of a device or 
process is to be investigated, the investigator will 
find his material so arranged that it does not be- 
come necessary to consider every patent in the 
main class. Where a question arises as to which 
Division shall examine a border line application, 
the Classification Examiner assigns it. 


Chief Clerk 

The Clerical force of the Patent Office carries on 
the general clerical business of the office and is in 
charge of a Chief Clerk, who must be qualified to 
act as a Principal Examiner. The Chief Clerk has 
several clerical departments under his supervision 
but his own immediate office is concerned primarily 
with answering inquiries and with correspondence 
not specifically relating to the technical matters 
considered by the Examining Corps. The Patent 
Office will answer general questions; such as for 
example, the number of patents in a particular 
class, or the cost of obtaining certified copies of 
public records, ete. The Patent Office will not, 
however, attempt to answer inquiries as to the 
novelty of a particular invention, nor will the 
Patent Office give any information, except to duly 
authorized parties, as to any pending application 
for patent, because under the Rules, applications 
for patents are kept in secrecy until the patent is 
granted, at which time, the application file be- 
comes a public document. 


Mails and Files Division 


The Mails and Files Division receives incoming 
mail and distributes the same to the proper section 
of the Patent Office. It takes care of outgoing and 
incoming mail. All business before the Patent 
Office must be transacted in writing, and no atten- 
tion is paid to any alleged oral promise or stipula- 
tion or understanding if a disagreement or doubt 
arises. All communications leaving the Patent 
Office are forwarded under Government frank but 
all communications, telegrams, etc., sent to the 
Patent Office must be fully prepaid, otherwise they 
will not be received. Each document forwarded to 
the Patent Office should be accompanied by a 
separate letter. 
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The business of the Patent Office begins at 9:00 
A.M., closes at 4:30 P.M. on weekdays, and 1:00 
P.M. on half holidays. Special delivery letters and 
other papers may be deposited in a box provided 
at the watchman’s desk after the Office closes, and 
papers so deposited are considered as received by 
the Patent Office on the day of deposit. This some- 
times becomes very important because of statutory 
limitations, one of which is that an Office action 
in a case must be responded to within six months 
from the date it is mailed out by the Patent Office, 
otherwise the application to which it relates will 
become abandoned. Applications for patents are 
delivered to the application division, and if com- 
plete with filing fee, specification, drawings, etc., 
will be given a Serial Number and filing date. 
After the drawings have been inspected by the 
Chief Draftsman, the applications are distributed 
to the Examining Corps for examination. 


Draftsman’s Division 


The Drafting Division comprises a Chief Drafts- 
man and assistants. All of the drawings of ap- 
plications are considered by the Chief Draftsman 
and if they are informal in any way, the Chief 
Draftsman notes such informality upon the draw- 
ing before it is sent to the Examiner’s Division. 
The Draftsman’s Division will correct informalities 
in drawings where possible to do so. No change or 
correction is made except at the request of the ap- 
plicant, and no change or addition to the drawings 
can be made until it is fully approved by the Ex- 
aminer. Occasionally, it may be necessary to re- 
make or reink drawings and the Draftsman’s Di- 
vision ordinarily will perform this service. There 
is a charge made for any service performed by the 
Drafting Division. 


Financial Clerk 


All monies received by the Patent Office go to the 
Financial Clerk. He accounts for and transfers 
the same to the United States Treasury. The 
Financial Clerk may pay out, however, only such 
monies as are specifically appropriated by Con- 
- gress and in accordance with the specific author- 
izations. In the past, it has frequently happened 
that the Patent Office has taken in in fees consider- 
ably more money than Congress has appropriated 
for the use of the Patent Office. Persons author- 
ized to practice before the Patent Office may main- 
tain a deposit with the Financial Clerk against 
which certain fees may be charged, such as copies 
of patents, fees for recording assignments, and 
other incidental fees involving the business of at- 
torneys practicing before the office. All fees must 
be paid in advance and must be paid in Specie, 
Treasury notes, National Bank notes, Post-Office 
money order or certified checks made payable to 
the Commissioner of Patents. Money paid in by 
actual mistake, but not required by law will be 
refunded, but no refund will be made where a 
party changes the purpose of payment, such as 
withdrawing a patent application, or an appeal. 
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Assignment Division 


The Assignment Division receives and records 
all assignments or other documents relating to the 
title of United States applications or patents. A 
general contract not involving the title of some 
specific application or patent ordinarily will not 
be recorded. There are, however, exceptions to 
this general practice. A document referring only 
to foreign applications or patents will not ordi- 
narily be recorded. At present, the recording of 
these instruments is done photographically so that 
a true copy of the signatures of the parties is 
recorded. All assignments are recorded in large 
volumes known as “Libers” and are open for pub- 
lic inspection. The Assignment Division maintains 
a Digest of all recorded assignments. The Digest is 
bound volumes which are very carefully made up 
so that there is substantial assurance that every re- 
corded assignment is referred to in the Digest. The 
Digest is arranged alphabetically as to the in- 
ventor’s name. There is no alphabetical Digest as 
to the assignee’s name. It is a very easy task to 
run down assignments if the inventor’s name is 
known. It is extremely difficult, however, to 
run down all patents or applications for inventions 
assigned to a certain assignee where only the name 
of the assignee is known. 


Docket Division 


The Docket Division is under a Docket Clerk and 
assistants, and maintains a docket file of all mat- 
ters requiring judicial consideration by some 
branch of the Patent Office, such as petitions, ap- 
peals, interferences, etc. This Division keeps the 
files pertaining to such matters, also all pieces of 
evidence used in interference cases such as models, 
paper exhibits, etc., until the contest is closed. 
Copies of the testimony and formal papers are re- 
tained by the Patent Office, but exhibits and models 
submitted in evidence may be returned to the 
parties after the contest is closed. 


Manuscript and Lithograph Division 

Manuscript and Lithographic Division attends to 
furnishing copies of manuscripts or other copies 
of documents which may be desired by those doing 
business with the Patent Office, such as photo- 
graphic prints of drawings of the pending cases, 
when ordered by authorized persons; photostats 
of foreign patents; or pages of publications from 
the library; or in general, such matters as pertain 
to furnishing the public with copies of such docu- 
ments as are available to the public. Certified 
copies of assignments, applications for patents, 
drawings or any other document available through 
the Patent Office are obtained from this Division. 
Certified copies are by statute admitted in evidence 
in Courts with the same force and effect as the 
original documents. Consequently, if an original 
patent is lost or destroyed, a certified copy of the 
grant and of the specification and drawings of this 
patent can be used in Court with the same force 
and effect as the original patent. Of course, fees 
are charged for this service. 
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Issue and Gazette Division 


The Issue and Gazette Division attends to the 
preparing of patents for issue, filling out and seal- 
ing of patent grants, etc. Each patent goes out 
under the name of the Commissioner of Patents 
and is signed by a Law Clerk designated by the 
Commissioner for this service. This Division also 
arranges the make-up for the Official Gazette, 
which is the Official weekly publication of the 
Patent Office and contains one view of the draw- 
ings and a representative claim from each patent 
issued. It also contains selected decisions of the 
Courts in patent cases, and by the Board of Ap- 
peals, together with other matters of special inter- 
est to inventors, including the publication of 
changes made from time to time in the Rules or 
Statutes. All patents issue on Tuesday regardless 
of whether this date shall be a legal holiday or 
otherwise. All printing of patent specifications, 
the Official Gazette, and other printing for the 
Patent Office is done by the Government Printing 
Office. Subscriptions to the Official Gazette are 
made through the Superintendent of Documents. 


Publications Division 


The Publications Division supervises the pub- 
lishing of the Rules of Practice, copies of the 
Patent Laws, and other publications distributed by 
the Patent Office. The Rules of Practice and copies 
of the Patent Laws may be obtained gratis by ad- 
dressing the Commissioner of Patents. The most 
important work of this division is the work of 
filing, distributing, and supervising the enormous 
number of copies of patents bought by the general 
public. A copy of any United States patent may be 
purchased for ten cents, and thousands of copies 
of patents are handled every working day by the 
force in this division. The Patent Office will ac- 
cept a standing order for copies of all patents in 
a particular class of inventions, and then as patents 
issue in this class copies thereof are sent to the 
subscriber. Many firms specializing in a definite 
art use this service. Usually about one hundred 
and fifty copies are printed of each patent when 
issued. This supply is soon exhausted, where the 
patent is important and of especial interest in an 
art. As soon as the supply of copies of a 
patent is exhausted, it is ordered reprinted and the 
supply is thus replenished. 


Library 


The Scientific Library of the Patent Office is un- 
der supervision of a Librarian and is open to the 
public. This library consists of a very valuable 
collection of scientific works and bound up copies 
of foreign patents of the principal countries of the 
world. A translator is provided for the benefit of 
the Patent Office but his services are not available 
for use by the public. Private translators have 
full access to the library and their services are 
utilized by the public. 
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Search Room 


There is also provided a very large Search Room, 
comprising a part of the Library, which is in 
charge of a clerk under the Librarian. This 
Search Room contains cardboard copies of all 
issued patents. These copies are arranged in files 
according to the classification of the various arts 
and sciences. Long tables are provided with spe- 
cially constructed containers for holding these 
copies of patents so that they may be easily in- 
spected by the public. This is one of the busiest 
rooms of the Patent Office, since the public and 
attorneys practicing before the Patent Office, are 
continually searching through these patents to de- 
termine the novelty of a new invention (usually 
before the application is filed) and also for deter- 
mining questions of validity or infringement of 
issued patents. Aside from the files containing 
the patents, classified under their respective arts, 
thig Division also includes a library of books of 
all United States patents bound in serial order. 


Attorneys’ and Record Room 


Another room in the Patent Office known as the 
Attorneys’ and Record Room is supervised by the 
head clerk and assistants under the Librarian and 
this section has charge of all application files per- 
taining to issued patents. These files, are available 
through the clerical force, for inspection by the 
public. The files of issued patents are mounted in 
jackets known as a “file wrapper” in which are 
arranged in their order of receipt all papers, amend- 
ments, original specifications, etc., comprising the 
transactions between the Patent Office and the ap- 
plicant up to and including the allowance of the 
application. 

Files of abandoned applications are ordinarily 
not open for public inspection. They may be in- 
spected, however, by duly authorized persons, or 
upon a proper showing of an outsider the Commis- 
sioner may issue an order permitting the inspec- 
tion of an abandoned file. 


Property Clerk 


Finally, the physical property such as furniture, 
carpets, etc., is in charge of the Property Clerk 
who is directly under the Chief Clerk and it is his 
business to act as custodian of all physical prop- 
erty belonging to the Patent Office. 

This outline of the departments of the Patent 
Office is but a very brief sketch of the functions of 
each department and is not intended in any way to 
fully describe the activities of each branch. No 
mention has been made of Trade Marks, under the 
Trade Mark Laws, or Prints and Labels, under the 
Copyright Laws, which come within the duties of 
the Commissioner of Patents, since these are dis- 
tinct in law and in fact from the subject-matter 
of Patents. 

Dr. Thornton truly epitomized the Patent Office 
when he said: “This is the emporium of Arts and 
Sciences of America.” 
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Combination Waste Heat and 
Pulverized Fuel Boiler Unit 


By W. H. D. CLARK, Combustion Engineering Corporation, Ltd. Montreal 


HE history of different basic ideas and con- 
ceptions in the engineering world is an always 
interesting study to those of our calling who have 
a philosophical turn of mind. These ideas drift 
constantly into sight, grow, lie dormant, or die, in 
response to many influences, technical, commer- 
cial, or, as often, psychological. The underfeed 
stoker, for instance, was invented and patented in 
England one hundred and sixteen years ago, but 
it came before its time, and the idea died. I[t had 
to wait for a saw mill engineer in Oregon, who 
wanted a machine to burn cord wood to re-invent 
it. This rapidly developed into a coal burning type 
which soon became standardized, and then de- 
veloped slowly until just before the War it re- 
ceived the first of a series of stimulating kicks 
which have pushed it into its present state—a ma- 
chine of finished design which can be built in sizes 
large enough to burn many tons of coal per hr. at 
efficiencies that a few years ago were thought un- 
attainable. 

Pulverized fuel firing is another idea that has 
had its ups and downs. It flared up at intervals 
during the last century, but never became commer- 
cial, for lack of mechanical and technical assist- 
ance of the high excellence required; not until the 
pre-War part of this century did it settle itself 
firmly in the firing of cement kilns and different 
kinds of metallurgical furnaces. For a consider- 
able period it rested there, and then just before the 
‘ War an inspired mining engineer, named Betting- 
lon, burst out, and at one stroke designed a modern 
steam generating unit. Two of these, built in 1912, 
are still in operation at Glace Bay, Nova Scotia, 
and, incredible as it may seem, the design com- 
prises a boiler built around the combustion cham- 
ber to form a completely water-cooled furnace, 
semi-radiant-heat superheaters, shaded by three or 
four rows of tubes, an air preheater, an air-tight, 
steel-cased setting, pulverized fuel being supplied 
by hammer-type pulverizers with cyclone classi- 
fiers! But Bettington died fighting the Germans in 
Africa, and development work died with him. So 
it was left for the famous group of men who built 
the Lakeside units, starting where metallurgical 
and cement mill practice left off, to develop after 
the War, and patiently refine and perfect the mod- 
ern steam generator. 

This article proposes to describe another swing 
of the pendulum, and show how the highly 
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Mr. Clark tells a very complete story of 
a highly interesting installation at a large 
smelter in British Columbia. Many obstacles 
were hurdled in the design problems of 
adapting the unit for the use of difficult 
waste gases in combination with pulverized 
These problems and the manner in 
which the design was developed to meet 
them are related in such detail as to give 
the reader a clear picture of the job from 
beginning to end. 


coal. 


It is worthy of note that 
experience and principles, developed in the 
application of pulverized fuel in power 
station work, were found to be applicable 
to many problems in the metallurgical field 

. . « This article, presenting as compre- 
hensively as it does the development of de- 
sign and data of performance and operating 
experience, will be of particular interest and 
value to those confronted with similar 
problems. 


developed type of construction, worked out to meet 
the exacting requirements of the central stations, 
has returned to its old home in the metallurgical 
field, where, it is believed, it has a future of un- 
usual promise. The smelting and refining of non- 
ferrous metals is now conducted in such large 
scale plants that troubles, which used to be merely 
annoyances, have become serious difficulties. 
Many of these are similar to problems met in the 
early days of pulverized fuel’s boiler room develop- 
ment, and which the boiler operator (whose sole 
business is burning coal to make steam) insisted 
on having eliminated. The enormous expense 
necessary for this development could never have 
been justified if spent solely on auxiliary equip- 
ment of the smelting industry, but solutions have 
been worked out for many problems common to 
both fields. 

The Consolidated Mining and Smelting Co., of 
Canada, Ltd., at their Trail Smelter, in British 
Columbia, has developed a process for recovering 
the zine present in appreciable quantities in the 
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slag from the lead blast furnaces. This is done by 
pouring the molten slag into a rectangular, water- 
cooled furnace and injecting pulverized coal and 
compressed air beneath the surface of the slag pool. 
Some combustion beneath the surface of the bath 
causes a series of small explosions, resulting in 
violent turbulence. The CO formed by the incom- 
plete combustion at this stage reduces the zine 
combined with the slag as oxide, and it fumes off 
as metallic zinc vapor. This, on leaving the bath, 
burns to oxide again aiong with the remainder of 
the combustible from the coal. In order to keep 
the reducing action as great as possible, the fur- 
nace proper is operated with no excess air. This 
slag retreatment furnace is one of two comprising 
the final scheme, and it, and the future one, are 
arranged to discharge into one side of a large brick 
inter-connecting flue, approximately 12 ft. high by 
11 ft. wide. From the other side of this flue the 
gases enter the waste heat boilers, thence through 
a long hopper bottom flue to an economizer from 
which they are delivered to a bag house. Much of 
the zine dust settles out of the gas stream into the 
various hoppers along its path, and final dust re- 
covery is effected in the bag house. This dust is 
then sent to a special leaching plant where it un- 
dergoes a carefully developed purification treat- 
ment before joining the zine extracted directly 
from the ore by the ordinary electrolytic process. 
Two boilers are installed, and space is arranged for 
a third one in the future. They are large boilers, 
each having 17,000 sq. ft. of heating surface, and 
as a startling indication of the importance of this 
process as a producer of zine, it is noteworthy thai 
the original scheme included a condenser, capable 
of absorbing the entire steam output and wasting 
the heat to the river. That is, this large and ex- 
pensive boiler installation, comparable with the 
boiler room of a 20,000 kw. station could be oper- 
ated, if necessary, solely for cooling the gases so 
they could enter the bag house with safety. This 
was, of course, not its only purpose, for the steam 
output was intended to replace the numerous small 
boilers in different boiler houses through the plant. 

After the installation was put in operation in 
1930 the steam demand steadily increased until in 
the spring of 1931 it was apparent that extra capa- 
city would be required to carry the plant through 
the winter successfully. This was due to the in- 
creased demand which had developed as the re- 
sult of the addition of the Fertilizer Department to 
the Tadanac Works. Sulphurous gases (which 
had previously been wasted) from the roasting of 
zinc concentrates, were turned into the sulphuric 
acid used in the manufacture of various fertilizers. 
It was, therefore, decided to remodel one of the 
waste heat units, normally held as a spare, to also 
burn coal in a water cooled furnace. The plant 
operators, moreover, wished to take advantage of 
the change-over to incorporate features which ex- 
perience had shown would be advantageous when 
operating as a waste heat unit. 

The problem of designing the new furnace was 
a fairly difficult one. As a coal-burning unit it 
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was required to develop as large a capacity as pos- 
sible; 3000 boiler hp. was set as a desirable figure, 
and when it was found that sufficient furnace 
volume could be provided this was raised to 4000 
hp. It was also desirable to operate at very low 
ratings on occasion, for it was possible that during 
the summer the waste heat from the slag retreat- 
ment furnace would almost meet the steam de- 
mand. The fuel to be burned was coal from the 
Crowsnest Pass district of Alberta, having a typical 
analysis :— 


Volatile 21.7 per cent 
Fixed carbon 58.7 per cent 
Ash 19.6 per cent 
B.t.u. 11,950 per lb. as fired 


This coal was ground in an existing central 
preparation plant, so that 80 to 85 per cent would 
pass through a 200 mesh screen. Similar fuels had 
been burned at two different pulverized fuel plants 
in the Canadian West; one a vertically-fired, stor- 
age-system installation, with refractory furnaces, 
and the other a horizontally-fired, unit-system in- 
stallation with bare-tube, water-cooled furnaces. 
Since the only furnace arrangement possible at 
Trail required the use of horizontal burners, the 
latter plant was selected for comparison. Experi- 
ence there had shown that while the burning char- 
acteristics were not as desirable as those of a high- 
volatile coal, nevertheless good results could be 
secured. Test figures at this plant (a 600 hp. boiler 
equipped with an air preheater) showed the fol- 
lowing performance, at a load of 44,750 lb. of 
steam per hr., from and at 212 deg. fahr. 


Loss due to dry stack gases 
» »  * moisture in fuel 
7 ” from hydrogen 
carbon in refuse 
radiation 
unaccounted for 


6.86 per cent 
6 per cent 
2.86 per cent 
2.50 per cent 
2.00 per cent 
1.42 per cent 


” 
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Heat absorbed by boiler, super- 


heater and preheater 84.10 per cent 


This fuel, however, had been found to give a 
long flame, so that an important point in the fur- 
nace was the provision of ample flame travel. In 
the final furnace design the shortest possible dis- 
tance from burner outlet center line to boiler tubes 
was 22 ft., and the probable flame path was 28 ft. 
This considered together with a combustion rate 
of 22,000 B.t.u. at full load, indicated that the fur- 
nace designed was adequate for 4000 hp. The 
beneficial effects of preheated air available at the 
other plant were lacking, but Trail had the ad- 
vantage of being fired by the storage system and 
the accurate control of primary air secured by this 
would be an important compensating factor. The 
use of an air preheater at Trail was considered, 
but the excessive and unprediétable air leakage 
through the flue meant that a very uncertain pro- 
portion of the total air would pass through it at 
the lower ratings; since heat recovery was there- 
fore uncertain the air preheater was not installed. 
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Provision was made for its addition in the future, if 
justified by installing fans of the required capacity. 

The waste heat side had many difficult points in 
it, for although it was expected that only occasion- 
ally would the waste gases be passed through this 
boiler, still it was necessary, in order to provide 
reliability, to design the setting as if this gas were 
to be the steady diet. Most of the deeisions on the 
furnace design, therefore, were made primarily 
from this viewpoint and then checked to make sure 
they would not interfere with pulverized fuel 
operation. 

The gas carried about five to six tons per hr. of 
solid material, running 50 to 60 per cent zinc, 10 
per cent lead, and small amounts of silica, iron, 
sulphur, etc. This was a concentration of solids 
much higher than anything encountered in ordi- 
nary boiler practice, for it amounted to 7 per cent 
of the furnace gas by weight (in a standard pul- 
verized fuel furnace, burning coal of 20 per cent 
ash content, this figure is about 1.8 per cent). The 
low excess air resulted in such a long flame and 
high temperature that the gases had been found 
entering the boiler as high as 2700 deg. fahr. 
This combination of high temperature and heavy 
dust burden furnished the essential materials for 
a slag problem which would be major or minor, 
depending on the exact characteristics of the dust 
itself. The zine fume comprising the major por- 
tion of this dust vas not easily fusible, but the 
remainder had unfavorable characteristics. There 
were particles of lead slag blown over from the 
bath and from the addition of coal slag. There 
was also the slag formed by the reaction between 
the metallic oxides present in the dust and the sili- 
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1—Sectional elevation of unit with outlines of original 
arrangement shown by heavy dot and dash lines. 
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cates of alumina in the coal ash, and this was the 
most important source of slag trouble. Wherever 
this siliceous ash would settle there would also 
settle some of the fume and in the boiler there was 
a preferential precipitation of lead. Lead oxide is 
an efficient flux, thus the melting point of the ash 
was lowered, causing slag to form and build up 
wherever the temperature was high enough. The 
ash particles would likely soften somewhat as 
they remained in place, but much of the slag was 
formed in place. This fluxing action of metallic 
oxides, particularly lead, which lowers the melting 
point of all silicates, is similar to the effect of cer- 
tain coal ashes. A certain eastern Canadian coal, 
for instance, yields an ash containing about 35 per 
cent of iron oxide, and when this coal is burned in 
pulverized form, where the ash is sprayed freely 
about the furnace, the slagging troubles encount- 
ered with brick walls are so serious that this type 
of wall has been almost wholly superseded by 
water cooled construction. 

In addition to the building up of deposits on the 
walls by this mechanism there were parts of the 
flue system where conditions were favorable to the 
formation of a fluid slag with consequent erosion 
of the refractory. This phase of the problem was 
not as serious as the building up of deposits, how- 
ever, for apparently the rate of reaction between 
the metallic oxides and the siliceous ash and re- 
fractory was rather sensitive to temperature. This 
resulted in the brick walls, in the locations subject 
to erosion, melting at an extremely slow rate after 
a thickness of 9 to 13 in. was reached. This is 
quite different from the characteristics of the coal 
slag mentioned above, for walls attacked by it seem 
to have no terminal thickness. Cases are known 
where the slag-refractory reaction has proceeded 
at an undiminished rate to a wall thickness of three 
inches, indicating a rate of reaction unaffected by 
a wide range of temperature. 

The original arrangement of the boiler and flue 
is shown by the heavy dot and dash lines in Fig. 4. 
It will be noted that the arrangement is a good ex- 
ample of waste-heat design for service where the 
dust is present as a dry powder, this being the con- 
dition that was anticipated when the plant was de- 
signed. Since, however, the dust was actually 
present in the troublesome sticky state of slag, the 
problem had to be approached from an entirely 
different angle. 

One of the first necessities, therefore, was a great 
increase in the area of the gas entrance to the first 
pass, for it is obvious that, other things being 
equal, the tendency of a tube bank to slag up 
solidly is some function of the pounds of slag per 
minute thrown against each sq. ft. of gas opening. 

The wall in front of the boiler was, therefore, 
moved away as shown in Fig. 4, to allow the gases 
to enter freely over practically the entire face of 
the front bank. This was not undesirable for coal 
firing either, but the fear of almost entirely short 
circuiting the superheater led to this being revised 
in the final design shown in Fig. 2. This was par- 
ticularly necessary, since when burning coal the 
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high proportion of water cooled furnace wall 
would probably reduce the superheat materially 
even if the gas were flowing through the super- 
heater. This has fulfilled its purpose excellently, 
the stream of hot gases being largely deflected into 
the boiler tubes by the inclined middle portion of 
the front wall. 

The second step taken was the enlargement of 
the opening from the flue to the boiler furnace. 
This was originally constructed as two brick tun- 
nels, with a water-cooled damper in each to shut 
the boiler off from the flue when required. With 
the proposed furnace there was no hope of retain- 
ing these dampers in this position, so they were 
moved into the flue itself, close to this boiler. Then 
when the heavy steel supporting the dust hoppers 
was cut away, this left free scope in elaborating 
the design of the new waste gas entrance. It was 
decided to run a slag screen across this opening, 
using vertical tubes. This would cool the waste 
gases entering the furnace somewhat. It would 
have the same effect as the slag screen arrange- 
ments frequently built into the front bank of large 
boilers, only the point where the slag first im- 
pinged on cold tubes would be transferred to a lo- 
cation where the freest possible access for cleaning 
could be provided. It will be seen in Fig. 2 that 
three rows of tubes were used, the rows being 18 
in. apart, and the tubes in each row on 144 in. 
centers. This provided wide angular lanes for the 
gas flowing along the flue to turn into the boiler, 
and kept the tubes sufficiently far apart to mini- 
mize the danger of slag incrustations bridging 
from one tube to another. To further cope with 
such a situation the final design provided a con- 
tinuous row of doors at the.top of the screen to 
facilitate slicing slag off; and ample doors were 
provided in the back of the hopper under the main 
brick flue. . 

It was calculated that the normal gas flow would 
not fill more than the upper half or two-thirds of 
the opening provided, and as any serious slagging 
of the screen would almost certainly start at the 
top and progress downwards, this meant that as 
the screen slagged up the gas flow would move 
down to an area where poking and cleaning could 
be more readily performed. 

In the final design the gas flow entering the fur- 
nace was radically altered. It had been originally 
intended to lead this to the boiler tubes in as direct 
a path as possible, but as the design was being 
worked out it became apparent that this path 
washed a very small area of the water cooled side 
walls, so that the benefit of possible cooling by 
these walls was largely lost. The upper header of 
the slag screen was, therefore,.dropped to the low- 
est possible point, and the slag screen tubes were 
finned for some distance below this to act as a 
baffle, and make the gas enter as low as possible. 
Then to increase the water cooled wall area, the 
riser tubes from the upper side wall headers were 
bent back inside the furnace and run vertically up 
the furnace face of the brick walls. This required 
a rather special design for the protection and seal- 
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Fig. 2—Sectional elevation showing final design of unit. 


ing of the headers, but it had other advantages in 
eliminating all outside circulation tubes from the 
upper part of the boiler room. These changes to . 
the design brought the flow of the waste gases 
more in line with ordinary boiler furnace condi- 
tions. Due to the scanty information available 
covering gases with such high dust content, exact 
calculations of the radiant heat absorption in the 
walls could not be made, but in a general way it 
was known that in a boiler furnace with horizontal 
firing and bare tube walls the boiler tubes do not 
slag up unless the flame washes them heavily for 
& long period. The lower part of such a furnace is 
unquestionably full of gas carrying molten slag, 
and the furnace bottom may even be a pool of slag. 
This freedom from slagging troubles has been se- 
cured even with coals whose ash softens at 1800 
or 1900 deg. The boiler, therefore, would probably 
be safe against slagging unless the low excess air 
in the slag retreatment boiler resulted in the flame 
being so long that it entered the boiler tubes still 
burning. This was unlikely in this instance on 
account of the great length of the connecting flue 
providing ample travel to complete combustion, 
but it is a point which should not be forgotten 
when considering such cases generally; cases are 
known where the flame is still burning briskly in 
the second pass of the boiler, and in these some- 
thing more drastic than a slag screen and water- 
cooled walls are required to eliminate slagging. 
To all these precautions against slagging 
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troubles was added another one, which is probably 
unique. There existed a certain danger of large 
slag masses accumulating on the walls and then 
falling on the ash pit screen and wrecking it. This 
was considered hardly possible, for boiler furnace 
walls of the bare tube type have not been known 
io accumulate such masses, but the result of such 
an accident would have been disastrous. To aban- 
don the ash pit screen and use a hopper bottom 
was one solution, but not a satisfactory one; years 
of experience having shown that a properly de- 
signed screen would cool the ash pit zone most 
effectively under almost any conceivable furnace 
conditions. To stiffen the screen, therefore, was 
the best solution, and provision was made in the 
side walls for the insertion of water cooled beams 
under the upper row of tubes. This would consti- 
tute a solid grillage which would be safe against 
falling slag. The idea of water cooled beams in 
a furnace will probably curl the hair of a power 
plant man, but even more heretical things were 
done here. It will be noted that the bottom header 
of the slag screen is wholly in the furnace, and has 
its handhole cap protected by three water cooled 
pipes. This arrangement could not be avoided; 
structural interferences and screen design require- 
ments eliminated other locations. The main object 
of this header was to provide a junction between 
the slag sereen and the brick partition wall to 
which slag would not adhere and start the screen 
filling with slag. No experience is available with 
the water cooled beams, since they have not been 
required so far, but the header cap water cooling 
has been in continuous service for four months 
with no signs of trouble developing. It gives 
every indication of being entirely reliable. In case 
the adverse conditions contemplated did develop, 
and large pieces of slag had to be handled, provi- 
sion was made to get these into the ash pit by 
omitting a few rows of ash pit screen tubes at each 
side. This left a wide gap, and the large pieces 
could be worked over and dropped through these. 
To facilitate this, observation and access doors 
were placed around the furnace at the screen level, 





Fig. 3—View of interior of furnace taken during construction. 
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in almost every possible location, including four 
large doors under the burners. These latter, due to 
interferences with downtake tubes, burner wind 
boxes, air ducts, and fuel pipes, turned out to be 
one of the most serious difficulties in the detail en- 
gineering work, and many studies had to be made 
before a satisfactory layout was obtained. 

As mentioned above, it was desirable to secure as 
large an output as possible from the unit, and 
4000 hp. was set as the required figure. With the 
furnace volume provided, this corresponded to a 
combustion rate of 22,000 B.t.u. per cu. ft. per hr., 
which was not an excessive figure, in view of the 
shape of the furnace. The flame from burners of 
this type is not a uniform bushy shape, but is lifted 
upward by the rising column of hot gas into a 
shape not far removed from the cross section of 
this furnace. This meant that the combustion rate 
was conservative, since it was not based on any 
dead furnace volume which could not be filled by 
flame. While the fuel burning side was thus satis- 
factorily taken care of, the steam generating side 
was not. It was obvious at a glance that 4000 hp. 
was excessive for a waste heat unit which had 
been carefully and accurately proportioned to 
generate 1700 hp. On checking the boiler for oper- 
ating characteristics at this high capacity it was 
necessary to make several changes; the front drum 
was fitted with perforated baffle plates at the water 
line to reduce the violent disturbance of the water 
in it, extra water circulating tubes were designed 
to connect the front and middle drums, and extra 
steam circulating tubes were installed to connect 
the middle and rear drums. These changes were 
relatively simple in themselves, but the designing 
of them was work of the most difficult nature, in- 
volving, as it did, a complete analysis of an un- 
usual type of boiler operating under conditions for 
which it was never intended. Experience, how- 
ever, was available from the large number of ver- 
tical and inclined tube boilers which have been in- 
stalled in the last few years for operation at high 
ratings. This enabled operating conditions to be 
predicted with considerable accuracy. It was 
finally decided that operation at 4000 hp. was prac- 
tical, but that this was close to the safe limit. In 
service, no trouble has been encountered up to this 
point, but on one occasion when the output was 
pushed up to 4400 hp. it was found that any dis- 
turbing influence, such as sudden load or feed- 
water change, resulted in erratic behavior. After 
operating experience during a five months’ run it 
has been decided that 4175 hp. is the limit at which 
the boiler is capable of operating satisfactorily. It 
is believed that this result—constituting not simply 
the provision of a safe operating margin, but the 
accurate prediction of operating conditions— is a 
noteworthy indication of the careful technical 
work done on boilers in the last few years. 

The engineering work of designing equipment to 
meet the various special requirements was difficult, 
and this was amplified by the long distance be- 
tween the designing office in New York and the site 
of the work in Trail. The cooperation of the Con- 
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solidated Mining and Smelting Company engineers 
in furnishing information, checking drawings, 
and in adapting their share of the design work, 
was whole-hearted and energetic. It resulted in the 
designs for the extensive and intricate changes 
reaching completion with an accuracy which was 
demonstrated in the rapid progress of the construc- 
tion work. The boiler was shut down on October 
6, 1931. The work of wrecking the then existing 
firebox and preparing for the building steel 
changes was commenced on this date, and actual 
alterations to the boiler and setting were com- 
menced one week later, on Oct. 13. All altera- 
tions were completed on Nov. 22, and the boiler 
subjected to a hydrostatic test on the following 
day, everything being found satisfactory. Con- 
trary to the usual practice in this class of construc- 
tion, no specialist workmen were imported, and the 
entire job, including drilling nearly 300 tube-holes 
in the drums, was done by a crew made up from 
the plant’s regular construction force. To com- 
plete such a job in 48 days is unusually quick 
work. 

A drying fire of wood was started with the in- 
tention of drying out the setting slowly for a week, 
but the condition of the slag retreatment furnace 
made it necessary to put the boiler on the line on 
November 24 after a drying period of only 16 hr. 
The boiler then operated continuously until April 
2, 1932, when its output was no longer required, 
and it was shut down. 

Some trouble in maintaining a clear fire and 
stable ignition was experienced at first, for the fuel 
is very sensitive, and it was necessary to work out 
correct adjustments to suit it. 

At high ratings the unit, has been found easy to 
operate. On December 13 it delivered steam at an 
average rate of 120,400 lb. per hr. for 24 hr., from 
42 noon to 5 p.m. of this day its output averaged 
130,000 lb. per hr. Ata load of 100,000 lb. per hr. a 
five-hour observation gave the following results :-— 


Date December 17, 1931. 

Duration of Test 8 a.m. to 5 p.m. 

Steam Conditions 180 lb. per sq. in.— 
420 deg. total temp. 


Feedwater 180 deg. fahr. 
Total Steam Generated 499,800 Ib. 
Total Coal Burned 56,505 Ib. 
Actual Evaporation 8.84 lb. 
Equivalent Evaporation 9.79 lb. from and at 

212 deg. 


Boiler and Furnace Efficiency 79.8 per cent 


This figure may be compared with the results 
previously noted at another plant. The efficiency 
there obtained was 84.1 per cent, and this at almost 
exacly the same boiler rating. This comparison 
plant included an air-heater which at this rating 
cooled the boiler exit gas about 200 deg. If Trail 
were similarly equipped, the dry gas loss would be 
reduced by 4.8 points, increasing the efficiency to 
84.6 per cent—an extraordinarily close check. This 
is a most satisfactory result, indicating that Trail, 
in spite of the numerous departures from conven- 
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Fig. 4—View from entrance flue, showing slag screen through 
which waste gases enter furnace. 


tional design which were made for the benefit_of 
the waste gas, is being operated as efficiently as a 
standard central station unit. 

There was, however, considerable trouble at the 
low loads, and for some time it was impossible to 
get below 25,000 lb. per hr. To remedy this, the 
fuel pipe to one burner was changed from 10 in. to 
8 in. dia., and the lowest speed of the coal feeder 
was reduced. It was then found possible to. oper- 
ate as low as 15,000 lb. per hr.—a ratio of high to 
low load of 8.5 to 1. 

The efficiency, however, at this low rating, is 
very poor, being 40.2 per cent. This load corre- 
sponds to about 31 per cent of nominal boiler rat- 
ing, and to a combustion rate of only 4600 B.t.u. 
per cu. ft. per hr. The heavy combustion losses at 
this rating probably comprise 5 or 6 points for the 
extra effect of the radiation loss, 10 to 20 points 
for extra dry gas loss caused by the disproportion- 
ate effect of air infiltration, and the remainder, 13 
to 24 points, extra carbon loss due to poor flame 
conditions. An increase of carbon in the refuse 
from 20 per cent to say 50 per cent would explain 
this. The poor flame condition is due to causes 
common to all large units at extremely low ratings, 
which all center around poor mixing with a resul- 
tant long and lazy flame. 

The opinion of the operators is that the boiler it- 
self has a safe steaming limit of about 130,000 Ib. 
per hr. At this load the water in the columns be- 
gins to act in the erratic manner usual when a 
timit is about reached. 

The operating experience with gas from the slag 
retreatment furnace is most interesting, for 
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although steam generation from coal was the prin- 
cipal object of the installation, nevertheless a great 
deal of the design work had been done with waste 
heat in mind. Unusually full information is avail- 
able on this phase of the work. 

There had been little expectation that coal could 
be burned when the boiler was handling waste gas. 
The low volatile, high ash, coal was sufficiently 
sensitive to make it a problem in itself without 
having the furnace full of non-combustible dust, 
and practically inert gas. The first attempts made 
to burn coal during a gas run did not meet with 
much success, but later after more experience with 
the burners no difficulty was encountered, and it 
was found possible to cut off the coal supply and 
start it up again at will. This is a remarkable 
achievement, and the plant operators deserve credit 
for solving what must still be regarded as a very 
difficult problem. 

The final design of the flue slag screen had-been 
governed by :— 


(1) structural requirements, 

(2) water screen circulation requirements, 

(3) baffle requirements, for waste gas flow, 
(4) cooling the waste gas entering the furnace. 


With these various limitations of the design, 
accessibility for cleaning was not,as good as could 
have been wished, and with the dense fumes pre- 
vailing this has constituted a major difficulty. The 
screen has to be cleaned entirely by touch, and the 
operators have been unable to prevent a layer of 
slag building up on the tubes; when the unit was 
shut down this was found to be 3 in. thick. Slag 
also collects on the lower header, and it is believed 
that on a prolonged run this would be the limiting 
factor which would necessitate a shut down. It is 
believed that this experience points the way to a 
much better line of attack, and it is now felt that 
adequate water-cooled combustion space before the 
boiler is the answer to a problem of this type. 

The performance of the water walls in the boiler 
furnace has been considerably better than ex- 
pected, for when the unit was shut down these 
walls were found to be clean. As mentioned pre- 
viously, numerous precautions were taken to 
guard against trouble resulting from heavy slag 
formations on the walls, but this condition has not 
developed. This boiler, moreover, has been found 
to generate slightly more steam on waste heat than 
the other boiler in the plant. The other boiler is 
directly opposite the furnace while this one re- 
ceives its gas through a long brick connecting flue 
from which there must be a substantial heat loss. 

It is believed that the history of this unique in- 
stallation at Trail, has in it some very definite in- 
dications for future work in the metallurgical field. 

(1) The highly developed central station type of 
pulverized fuel equipment can be installed with 
confidence in its reliability. This furnace went 
into operation after a 16 hr. drying period and re- 
mained in operation continuously for five months. 

(2) Central station efficiency can be achieved, in 
spite of the handicap imposed by special require- 
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ments. This furnace equals, or slightly betters, the 
performance of a standard unit in a public utility. 

(3) The slagging troubles encountered are suffi- 
ciently akin to known boiler furnace troubles for 
the same rules of behavior to hold good with 
proper modifications. The difficulties are greater, 
but they are of the same sort—they are not new 
varieties. 

(4) Water cooled wall construction can be suc- 
cessfully applied to cope with slag adhesion or re- 
fractory erosion. There are good grounds for be- 
lieving that given a specific case, a boiler and 
setting can be designed which can operate continu- 
ously as long as the furnace can. It is believed 
that in a new installation, where free scope is al- 
lowed, this can be assured even with the most un- 
favorable conditions. 

The writer was closely concerned with this in- 
stallation from its inception to the completion of 
the work, and wishes to take this opportunity of 
expressing his deep appreciation of the whole- 
hearted cooperation of the Consolidated officials 
and engineers concerned in the execution of the 
work. 

While the Consolidated Mining and Smelting 
Company has very courteously furnished full ex- 
tracts from its operating logs to assist in the prepa- 
ration of this paper, the presentation of this ma- 
terial herein, and the conclusions drawn there- 
from, must be taken as representing the personal 
viewpoint of the writer. 





Manning, Maxwell & Moore, Inc., New York, an- 
nounce the acquisition of the business of the Box 
Crane & Hoist Corporation, Philadelphia. The 
transaction is to be effected on a cash basis; there 
will be no exchange of securities. The plan is to 
merge the business thus acquired with that of the 
Shaw Electric Crane Company, a Manning, Max- 
well & Moore subsidiary, in the Shaw plant at Mus- 
kegon, Mich. The merged business will operate as 
the Shaw-Box Crane & Hoist Co. The purchase 
does not include Philadelphia land and buildings. 





The Swartwout Company, Cleveland, announces the 
appointment of Henry C. Miller as Sales Manager 
of their Power Plant Equipment Division. During 
Mr. Miller’s twelve years’ experience with The 
Swartwout Company, he has served in responsible 
positions in connection with the design, manufac- 
ture, sale and service of Swartwout power plant 
equipment. Five years ago this division of the 
company purchased the “S-C” Regulator Manufac- 
turing Company of Fostoria, Ohio. Mr. Miller is 
now responsible for the sales of the complete line 
of equipment. 





The Davis Engineering Corporation, New York, 
have added to their staff the Arthur S. Hall Com- 
pany, Worcester, Mass., to represent the Paracoil 
line of domestic hot water heaters in that territory. 
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Empirical 


Equations sy 
: DALE S. DAVIS 


Consulting Mathematican 


East Northfield, Mass. 


N making the most of a set of experimental data 
it is generally desirable to express the rela- 
tionship between the variables in the form of an 
equation. In view of the necessarily approximate 
nature of the functional relationship such an equa- 
tion is described as “empirical” although no par- 
ticular stigma should be attached to the name 
since many ultimately recognized chemical, 
physical, and biological laws have started out as 
empirical equations. 

The first step in the determination of the equa- 
tion is that of plotting the data on ordinary co- 
ordinate paper, while the second step is that of 
attempting to identify the.plot with one of the 
familiar types of curve: the straight line; the 
parabola, the hyperbola, etc. Frequently the ar- 
rangement of the plotted points will suggest the 
type of equation to be employed. In any case, the 
third step of the curve-fitting process is that of 
“rectifying” the data, i.e., of plotting such func- 
tions of the variables that a straight line will result. 

The fourth step of the process, that of determin- 
ing the constants in the equation, depends upon the 
precision of the data, the use to which the equation 
is to be put and the time which can profitably be 
expended. In many cases where the data are not 
extremely precise, when but little time can be 
spent in curve-fitting or when only a roughly ac- 
curate equation is needed, the constants may be 
determined by inspection of the straight-line plot, 
directing particular attention to the matter of in- 
tercepts and slopes. In instances where the data 
warrant extreme accuracy and considerable ex- 
penditure of time, the method of “least squares” 
is used in arriving at the constants. 

In most cases encountered by the engineer the 
constants are determined by the method of aver- 
ages whereby values of the rectifying functions, 
arranged in ascending or descending order with 
respect to at least one of the variables, are divided 
into two sets containing approximately the same 
number of pairs of values. The two sets are 
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After Mr. Davis’ article 
“Graphical Representations of Engineering 
Equations,” published in the December, 1931 
issue of COMBUSTION, one of our readers 
wrote us stating that the article had helped 
him with certain problems with which he 
had been having difficulties due to the fact 
that his knowledge of mathematics had be- 
come rather rusty. He suggested that an 
article on the derivation of empirical equa- 
tions would, in his opinion, be helpful to 
many engineers. We agreed with him and 
accordingly invited Mr. Davis to prepare the 
present article which we hepe will be of 
value to many of our readers whose mem- 
ories need a little freshening and to others 
whose mathematical education has been 
limited. ... The author takes actual data 
of problems related to steam plant operation 
and derives equations, giving in all ten 
typical forms of equation. Apparent dis- 
crepancies in the sequence of numbers of 
charts and tables are due to the fact that 
they are numbered to correspond with the 
equation numbers. 
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summed separately resulting in two equations 
which are then solved simultaneously for the 
values of the constants involved. The exact pro- 
cedure will be discussed more fully in connection 
with the examples. 

It is the purpose of this paper to follow through, 
in some detail, the four steps in the determination 
of empirical equations of the most common types. 
The illustrations all embody actual data, taken, 
for the most part, from recent issues of Combus- 
tion and other engineering publications. 

The following table lists the ten most common 
forms of equation and the functions to plot in 
order to rectify the curve: 


Functions which Plot as 


Type Form of Straight Line if Form of 
No. Equation Equation is Suitable 
(1) y>a+bx y vs x 

(2) y=ax* logy vs logx * 


(3) y=ax’+c log (y—c) vs logx 

First, plot y vs x on ordinary 
coordinate paper and choose 
the points (x:, y:) and (x, y2) 
on a smooth curve drawn 
through the plotted points, not- 
ing the value of ys where x; = 


VX X2. Then c= 
 -* wo ys" 





yi + ya —2Zys 


* Logarithms to the base 10 are used throughout this paper. 
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(4) y= (10)** 
(5) y= (10)"*9* +c 


logy vs x 


log(y—c) vs x 
First, plot y vs x on ordinary 
coordinate paper and choose 
the points (x:, yi) and (x2, yz) 
on a smooth curve drawn 
through the plotted points, not- 
ing the value of ys where xs = 


Xi + X2 


Then c = 





9 


_ 


y: Y2 — ys" 





y1 + y2 —2 ys 


(6) yora+bx+cx’ y—yi 





vs x 
xXx=— Xi 

First, plot y vs x on ordinary 

coordinate paper and choose 

any point (x:, y:) on a smooth 








curve drawn through the 
plotted points. 
x 1 1 
(7) y=o=—_— —vs- 
a+ bx y x 
X— Xi ede | 
(8) y=— + y: vs X 
a+ bx : ee LS 


First, plot y vs x on ordinary. 


coordinate paper and choose 
any point (x:, yi) on a smooth 
curve drawn through the 
plotted points. 


(9) yo=a+bx-+ (10)°*** Represent part of the data by 
y = a+ bx. Calculate 
6 = y — y for values of x 
in the curved portion. Repre- 


sent § by (10)°***. 


(10) y=>a+bx-+cx’?+dx* Choose four points well dis- 
tributed over the range of data 
and set up four equations of 
the form of Type No. 10. 
Solve simultaneously for a, b, 
c, and d. 


Examples : 


Type No.4 y=a-+bx 

Data on the relation between the thermal value, 
H, B.t.u. per pound, and the percentage ash content, 
A, of Pennsylvania anthracite silt, (Patterson, Com- 
bustion, 3, No. 10, 17, 1932), are given in Table I. 
Both the thermal value and the ash content are on 
the dry basis. 





TABLE I 

H H Per cent 

(Obsd.) (Calcd. ) deviation 
12,200 17.5 12,180 —0.2 
10,750 26.0 10,760 0.1 
9,400 34.0 9,420 0.2 
7,600 44.5 7,670 0.9 
6,700 49.0 6,920 32 
5,950 56.5 5,670 —4,7 


A plot of the data, Fig. 14, on ordinary coordin- 
ate paper suggests a linear relationship between 
the variables: 

H=a+tbaA 

Substituting the data in this expression we may 

write the six equations, 


12200 = a + 175 b 
10,750 = a + 26.0 b 
9400 = a + 340 bd 
7,600 = a + 445 b 
6.700 = a + 49.0 b 
5,950 = a + 565 b 





Dividing into two groups of three equations each 
and adding each group we have, 
32,350 = 3a+ 77.5 bd 
20,250 = 3a + 150.0 b 
which, solved simultaneously, yield a = 
and b = 
read 


and 


15,100 
— 166.9, making the empirical equation 


H = 15,100 — 166.9 A 


Table I gives a comparison of the observed and 
calculated values of H and also lists the percentage 
deviation of each calculated value from the corres- 
ponding observed value. 


Type No. 2 y = ax? 


Report No. 176 from the Technical Research De- 
partment of the International Combustion Engi- 
neering Corporation embodies a plot of 
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— < 10° vs xX 10°, covering laboratory tests on 
( G )’ 1000 » plain tube economizers, 
(——) 
(1000) 
where 4A P = Pressure drop in inches 
p = Density of gas, lb. per cu. ft. 
G = Mass velocity of gas, lb. per hr. 
B = Horizontal clearance between tubes in inches 
and #& = Viscosity of gas. 
The data are presented in Table II, where, for convenience, 
P p BG 
we let y = < 10° and x = x 10° 
G 4 1000 u 
(1000) 
TABLE II 
y y Per cent 
(Obsd. ) x log y log x (Calcd.) deviation 
84.0 9.6 1.9243 0.9823 86.9 3.5 
87.0 13 1.9395 1.0531 83.4 —.1 
79.0 14.0 1.8976 1.1461 78.8 —0.3 
74.0 17.1 1.8692 1.2330 74.6 0.8 
68.0 21.8 1.8325 1.3385 70.0 2.9 
64.0 34.2 1.8062 1.5340 62.5 —2.3 
58.0 46.0 1.7634 1.6628 58.1 0.2 


Fig. 2a indicates that a plot of y vs x on ordinary 
coordinate paper is not linear while Fig. 2b shows 
that a plot of y vs x on logarithmic paper (equiva- 
lent to plotting log y vs x on ordinary coordi- 
nate paper) is linear and suggests that the empir- 
ical equation will take the form 


y=ax’ 
or, on taking logarithms of both sides of the equa- 
tion, 
log y = b log x + loga 
Substituting the data from Table II into the log- 
arithmic equation, we have the following sevem 
equations: 
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1.9243 = 0.9823 b + log a 
1.9395 = 1.0531 b + loga 
1.8976 = 1.1461 b + loga 
1.8692 = 1.2330 b + loga 








1.8325 = 1.3385 b + loga 

1.8062 = 1.5340 b + loga 

1.7634 = 1.6628 b + loga 

Adding the first four equations and the last 
three we have, 

7.6306 = 4.4145 b + 4 loga 

5.4021 = 4.5353 b + 3 loga 


Dividing equation (1) by 4 and equation (2) by 


1) 
2) 


3, 
1.9077 = 1.1036 b + loga (3) 
1.8007 = 1.5118 b + log a (4) 
which yield, on subtraction, 
0.1070 = —0.4082 b 
or b = —0.2621 


Substituting for b in equation (3), 


log a = 1.9077 + 1.1036 (0.2621) 
= 2.1970 
or a = 157.4 


The empirical equation is, then, 
y = 574°" 
and the agreement between values of y calculated 


from this equation and the observed values is 
shown in Table II. 


Type No. 3 y=ax>+te 

Some data plot as a slightly curved line on log- 
arithmic paper and are obviously not amenable 
to treatment by Type No. 2. In such cases it may 
be found that a plot of log (y — ec) vs log x 
rather than log y vs log x will result in a straight 
line. Consider the data of Joos, Combustion, 2, 
No. 12, 38, 1931, on the relation between the per- 
centage moisture, M, in steam and the rate of steam 
generation, R, in pounds per hour per cubic foot 
of steam space: 





TABLE III 

M log M Per cent 

(Obsd.) R M—0.048 (M—0.048) logR (Calcd.) deviation 
0.10 250 0.052 —1.2840* 2.3979 0.102 2.0 
0.28 500 0.232 —0.6345 2.6990 0.273 —2.5 
0.80 900 0.752 —0.1238 2.9542 0.808 1.0 
1.38 1200 1.332 0.1245 3.0792 1.426 3.3 
2.56 1600 2.512 0.4000 3.2041 2.552 —0.3 
4.10 2000 4.052 0.6077 3.3010 4.020 —2.0 


Fig. 3a suggests a parabolic type of curve and 
the plotting of M vs R on logarithmic paper. Such 
a plot, Fig. 3b, shows a slight, but unmistakable, 
curvature. If, however, a certain value, c, be sub- 
tracted from M the curve becomes a straight line 
since the subtraction will diminish the logarithm 
of M but little when M is large but will diminish 
log M considerably when M is small. The value, 
c, to be subtracted can be determined by trial and 
error methods but is best found as follows. Draw 
a smooth curve through the plotted points as in 





* Sometimes written as 8.7160 — 10 or 2.7160. 
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Fig. 3a and choose two points on the curve near 
the extremities. The chosen points may or may 
not correspond to the data although in this case 
they do since we are choosing the points (R = 250, 
M = 0.10) and (R = 2000, M = 4.10). Proceeding 
as directed under Type No. 3 in the tabulation of 
rectifying functions we calculate Rs = \/R,; Ry = 
V 200 X 2000 = 707 and read the corresponding 
value of M; from Fig. 3a as 0.507. Substituting in 
the equation 


M: M: — M3’ (0.10) (4.10) — (0.507)? 


M: + M:—2M, 0.10 + 4.10 — 2 (0507) | 


0.048. As shown in Table III, 0.048 is subtracted 
from each value of M and the logarithms of 
(M — 0.048) and R are taken. The variables are 
related by the expression 


M — 0.048 = a R” 
the logarithmic form of which is 
log (M—0.048) = b log R + loga 


substituting the logarithmic data into this latter 
form we arrive at six equations as follow: 














—1.2840 = 2.3979 b + loga 
—0.6345 = 2.6990 b + loga 
—0.1238 = 2.9542 b + loga 
0.1245 = 3.0792 b + loga 
0.4000 = 3.2041 b + loga 
0.6077 = 3.3010 b + log a 








Adding the first three and the last three equations, 


—2.0423 = 8.0511 b + 3 log a 
1.1322 = 9.5843 b + 3 loga 


Solving simultaneously, 


b= 2.071 
log a = —6.2374 
a= 5.789 x< 10° 


and the empirical equation becomes, 
M = 5.79 R*™" & 107 + 0.048 


Types No. 4 and 5 


Examples of Types No. 4 and 5 are familiar 
enough to the chemist but occur infrequently in 
power plant engineering. Type No. 4, however, 
occasionally enters in connection with Type No. 9 
and will be discussed later, while Type No. 5 may 
be dismissed with the statement of the rectifying 
function as given in the first tabulation. 


y=a+bx-+c x? 


. 


Type No. 6 
Parabolic equations of this type are very useful 
and are sometimes to be preferred to those of 
Types No. 2and 3. Fig. 6 and Table VI present the 
data of Rummel, Ind. Eng. Chem. Anal. Ed. 3, 
No. 3, 3417, 1931, on the effect of carbon dioxide 
content, W, parts per million, on the conductivity 
of steam condensate, C, mhos/em. X 10® at 77 
deg. fahr. 
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TABLE VI 


W—0.77 

WwW —_—— W Per cent 

(Obsd.) C W--0.77, C—0.50 C—0.50 (Caled.) deviation 
0.77 0.50 0.00 0.00 Poti 0.77 0.0 
3.05 1.50 2.28 1.00 2.280 3.07 0.7 
5.45 2.25 4.68 1.75 2.674 5.43 —(.4 
8.37 3.00 7.60 2.50 3.040 8.33 —0,5 
11.80 3.75 11.03 3.25 3.394 11.77 —0.3 
15.80 4.50 15.03 4.00 3.757 15.74 —0.4 
20.20 S29 19.43 4.75 4.090 20.26 0.3 


W is plotted against C on ordinary coordinate 
paper and a smooth curve is drawn through the 
points. A point on the curve, which may or may 
not be one of the plotted points, is chosen and the 
coordinates of this point are substituted for x, 

WwW —W;, 
and y, in the expression, — —, values of this 
o— Cy 


expression are calculated for each plotted - point 
and are plotted against C, as is also shown in 
Fig. 6. The curve is thus rectified into a straight 
line and we are ready to determine the constants, 
a and b, in the equation, 








W — W: 
re sy = 
C— G 
Choosing the point (C,; = 0.50, W, = 0.77), 
W —0.77 
calculating (W — 0.77), (GQ — 0.50) and —————— 
C — 0.50 


it is possible to set up the following equations: 


220 =a + 150 C 
2.674 =a + 2.25 € 
3.040 = a + 3.00 
3.394 =a + 3.75 C 
3.757 = a + 450 C 
4090 = a + 5.25 


ee 
Adding the first three and the last three equations 


we have, 


7.994 =~ 3 a+ 675 b 
11.241 = 3a + 13.50 b 


which yield, upon simullaneous solution, a = 1.582 
and b = 0.481, so that the equation becomes 


W — 0.77 
cea - = 1,582 + 0.481 C 
Cc — 0.50 


or, on cross multiplication, 
W = 0481 C? + 1.34 C — 0.02 


x 
a 
a-+bx 


Type No. 7 


Data which plot in the form of an equilateral 
hyperbola are quite common and may quickly be 
identified by noting that the reciprocal of y is 
linear with respect to the reciprocal of x. The 
data of Straub, Combustion, 3, No. 10, 12, 1932, 
on the solubility of calcium sulphate are a case in 
point. In Table VII and Fig. 7, S represents the 
solubility in millimoles of calcium at temperatures 
of t deg. fahr. 
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TABLE VII 


] ] 


S . S Per cent 
(Obsd. ) t S t (Caled.) deviation 
0.586 AOA 1.706 0.002475 0.568 —3.1 
0.358 470 2.793 0.002128 0.365 2.0 
().292 539 3.425 0.001855 0.285 —2.4 
0.243 600 4.115 0.001667 0.248 2.1 


A plot of S vs t, Fig. 7, suggests the hyperbolic 
nature of the data and on plotting the reciprocals 
of the variables it is seen that the points lie along 
a straight line, verifying the assumption as to the 
hyperbolic character of the equation. The equa- 
tion of the straight line is 

] a 

—=—-+b 

S) t 
and, on substitution of data from Table VII into 
this form, we have 


1.706 = b + 0.002475 a 
2.793 = b + 0.002128 a 
3.425 = b + 0.001855 a 


4.115 = b + 0.001667 a 


Adding the first two and the last two equations, 


4.499 = 2b + 0.004603 a 
7.540 = 2 b + 0.003522 a 
which yield, upon simultaneous solution, b = 8.726 
and a + —2814 so that the equation becomes 
] 2814 


= 8.726 
S t 


or, on solving for S, 
t 





en 
8.726 t'— 2814 
X —— Xj 
Type No. 8 y= -+ Yi 
a+ bx 


Some data are hyperbolic in character but re- 
quire additional constants in the equation. Con- 
sider the data of Brown, Combustion, 3, No. 10, 38, 
1932, on the relation between C, the weight in 
pounds of the total products of combustion per 
pound of coal, and p, the percentage of CO, in 
the flue gas: 


TABLE VIII 


p—12 

c ——- --- C Per cent 

(Obsd.) p p—12 C—16.95 C—16.95 (Calcd.) deviation 
16.95 12 0 |) | eee 16.95 0.0 
15.70 13 1 —1.25 —0.800 15.69 —0.1 
14.63 14 y —2.32 —0.862 14.63 0.0 
13.70 15 3 —3.25 —0.923 13.71 0.1 
12.92 16 4 —4.03 —0.993 12.91 —0.1 
12.18 17 5 —4.77 —1.048 12.21 0.2 
11.61 18 6 —5.34 —1.124 11.58 —0.2 


C is plotted against p on ordinary coordinate 
paper, as in Fig. 8, and a smooth curve is drawn 
through the points. The coordinates of any point 
(Pi, GQ) on the curve are substituted in the expres- 
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po 
sion, — 


c—Q, 
culated for each plotted point and are then. plotted 
against p, as is also shown in Fig. 8. The curve is 
thus rectified into a straight line, the equation of 


yo" 

C—C, 
of type form, and we are ready to determine fhe 
constants in the equation, 





, values of this expression are cal- 


which is - 





—~=a-+b)Dp, justifying the choice 


P—Pr 
C= i Ca 
a oo b p 
Choosing the point (p; = 12, C,; = 16.95), caleulat- 


p—i12 
—, and sub- 
C — 16.95 


ing (p — 12), (C — 16.95), 





p—i12 
stituting in the equation, —— -=ad+t bp 
C — 16.95 
il is possible to set up the six equations, 
—0).800 = a + 13 b 
—0.862 = a+ 14 b 
—0.9233 =~ a+ 15 b 
—0.993 = a + 16 b 
—1.048 = a-+ 17d 
—1.1244 =a + 18 b 





Adding the first 
we have, 


three and the last three equations 


—2.585 =3a+ 42b 
—3.165 = 3a+ 51b 


which, upon simultaneous solution, yield a = 0.040 





and b = —0.0644, so that the equation becomes 
p—12 
0.040 — 0.0644 p 
Type 9 y=a+bx= (10)°¢+4* 


In many cases a considerable portion of the data 
plots as a straight line while the remainder shows 
a distinct curvature. While it is possible to divide 
the data into two ranges and to devise equations 
of differing types for each, it is more convenient 
to represent the data by an equation which can be 
used over the entire range. Part of such an equa- 
tion is of the form of Type No. 1 and dominates 
the linear portion of the curve while the other part 
is of a nature such that it does not appreciably 
affect the linear part but does throw the straight 
line into a curve outside this range. This latter 
part of the equation is frequently of the form of 
Type No. 4 and is represented by the last term in 
the equation, 

y=a+bx + (10)**** 

The data of Joos, Combustion, 2, No. 12, 38, 
4931, on the relation between the reduction, R 
deg. fahr., in superheat due to the presence of one 
per cent of moisture, and the absolute pressure, 
P, in pounds per square inch, are an excellent 
case in point: 
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TABLE IX 





Per 
6 R cent 
R s= (Calcu- (Calcu- devi- 
(Obsd.) P RR’ R—R’ log 5 lated) lated) ation 
15.22 500 0.002 15.22 0.0 
15.45 450 0.004 15.47 0.1 
15.70 400 0.008 1572 O01 
15.95 350 0.016 15.97 0.1 
16.37 275 16.32 0.05 —1.3010 0.048 16.37 0.0 
16.83 200 16.69 0.14 —0.8539 0.145 16.84 0.1 
17.50 125 17.06 0.44 —0.3565 0.440 17.50 0.0 


A plot of the data, Fig. 9a, is a curve below 
P = 350 and a straight line above this value. For 
the linear portion let 

R’=a+bP 
and substitute the data in this equation, obtaining 
the four equations, 





1522 = a + 500 b 
15.45 = a + 450 b 
15.70 = a + 400 b 
15.95 = a + 350 b 


Adding the first two equations and the last two 
we have, 
30.67 2a + 950 b 
31.65 = 2a + 750 b 
which, upon simultaneous solution, yield a = 17.67 
and b = —0.0049 so that the equation becomes 
R’ = 17.67 — 0.0049 P 


I JI 


Upon solving this equation tor R’ when values of 
P are 275, 200, and 125, respectively, we have the 
values in the R’-column of Table IX correspond- 
ing to the dotted line in Fig. 9a. R’ differs from R 
by the amount, 8, which appears in the fourth 
column of the table. Fig. 9b, a plot of § vs P on 
semi-logarithmic paper, which amounts to plot- 
ting log 8 vs P on ordinary coordinate paper, 
shows a linear relationship between log 8 and P, 
so that 
log 6 =c+dP 
which is the logarithmic form of the equation, 
8 =— (10) e+dap 
When values of log 8 and P are substituted in the 
logarithmic equation we obtain the following: 


—1.3010 = c + 275d 
—0.8539 = c + 200d 








—0.3565 = c + 125d 
Adding the first two equations, we have, 
—2.1549 = 2c + 475d 
which, upon simultaneous solution with the third, 
yields c = 0.4448 and d = —0.00641 so that the 
equation becomes 
A. (10)*** - 9-8 P 
Since R = R’ + 8, we have, on substitution, 
R = 17.67 — 0.0049 P + (10)°“*-°°m™P 
Inspection of the column headed “8 (Calcd.)” 
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shows that the 8-part of the equation leads to 
negligible values above P = 350 and so does not 
affect the linear portion of the curve but that be- 
low P = 350 the 8-term becomes large enough to 
throw the straight line into a curve. 


Type No. 10 V a+ bx + cx? + dx’ 

When other types of equation are found unsuit- 
able, resort can usually be made to the polynomial 
form of Type No. 10 although it involves some- 
what more labor in determining the constants. 
Consider the data of Wilson, McAdams, and 
Selzer quoted in “Petroleum Products Engineer- 
ing,’ MeGraw-Hill, p. 439, on the specific gravity 
of dry air at various temperatures. 8 indicates 100 
times the specific gravity of dry air relative to 
waler at 39 deg. fahr., where t is the fahrenheit 
lemperature. 

TABLE X 


8 5 Per cent 
(Obsd.) t ( Caled.) deviation 
1.380 0 1.380 0.0 
1.230 60 1.231 0.1 
1.100 120 1.100 0.0 
0.990 180 0.991 0.1 
0.906 240 0.906 0.0 
0.850 300 0.850 0.0 


By subslitultion of the coordinates of four points 
and subsequent simultaneous solution of the four 
equations thus obtained the equation may be made 
to represent any four points exactly. On plotting 
the data as in Fig. 10 it is seen that, of the six 
points, the 0, 120, 240, and 300 degree data are a 
wise choice since they embody both the flat and 
curved portions of the plot. The following equa- 
tions are then set up, 

1380 =a+ (0)b+ (0)? c+ 
1.100 = a + 120 b + (120)? c + (120)' d 
0.906 = a + 240 b + (240)? c + (240)? d 
0.850 = a + 300 b + (300)? c + (300)' d 
These, upon simultaneous solution, yield 
a= 1380, b = —261 < 10°, ¢ = 201 < 10°, and 
d= 2 < 10° 
so that the equation becomes 


6 = 1380 — 2.61 t * 10° + 2.01 t® « 10° + 2.70 t? «x 10° 

In instances where none of the ten types of 
equation fits the data in their entirety it is general- 
ly possible to split the data into two or three 
ranges and to fit differing forms of equation to 
each. In still more difficult cases curve-fitting 
may become a matter of seeking rectifying func- 
tions of any nature whatever as long as the ulti- 
mate end is attained. 


(0)* d 





R. J. Bender, formerly with the Whiting Corpora- 
tion, Pulverizing & Combustion Division, has be- 
come identified with the Sales Department of the 
Sinclair Refining Gompany as Combustion Engi- 
neer. In his new office Mr. Bender will give tech- 
nical advice and service to the users of Sinclair 
fuel oil in both domestic and industrial fields. 
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Boiler, Stoker and. Pulverized Fuel 
Equipment Sales 


As reported by equipment manufacturers to the 
Department of Commerce, Bureau of the Census. 





Boiler Sales 


Orders for 323 boilers were placed in June 
by 72 manufacturers 





Number Square feet 
. 
3 





June, NN ci id od wkd besa eee va cee wee 23 316,662 
Pe END te a5 a cn dag a taete wate ketene Wale ee 776 633,504 
January to June (inclusive, 1932).............. 1,542 1,617,609 
De SGN, FON Se 6d cciwecckdenccedueed 3,591 3,341,536 
EEE 6.43. Ghads deco whi tds deteaudebearen 7,508 6,327,262 
NEW ORDERS, BY KIND, PLACED IN JUNE, 1931-1932 


June, 1931 June, 1932 


— ———- ~— — 








Kind Number Square feet Number Square feet 
Stationary : 
Water ee eee 88 308,360 42 157,732 
Horizontal return tubular. . 57 77,751 19 35,397 
Vertical fire tube......... 54 12,047 25 6,309 
Locomotive, not railway.. 11 9,224 2 1,163 
ere 534 205,441 216 102,788 
2 ee See duane ‘aan =” | - Semmes 
Self contained portable.... 24 17,262 19 13,273 
Miscellaneous ........... 8 SO Se ee 
TE? sc eaanteeeenevadenats 776 633,504 323 316,662 
Mechanical Stoker Sales 
Orders for 113 stokers totaling 25,096 hp. 
were placed in June by 55 manufacturers 
Installed under 

2 et ai Pee OPE Fe een 

Fire-tube boilers Water-tube boilers 

a — —— 

No. Horsepower No. Horsepower 
OR NM Sicckcccddcdacevaanetes 65 8,751 48 345 
(i |. Se een eee 149 19,455 63 22,720 
January to June (inclusive, 1932)... 379 50,963 187 79,176 
Equivalent period, 1931............ 629 82,394 282 100,877 
:,. rrr ere ree 1,889 252,571 574 187,507 





Pulverized Fuel Equipment Sales 


Orders for 16 pulverizers with a total capacity of 49,100 lb. 
per hr. were placed in June 





STORAGE SYSTEM 


Pulverizers 














Water-tube Boilers 
, = = ——_—___—_——— 
a Fa SO 
a - os : 
ve — O we S ~ 
733. of sy 3 
‘és sa =a e¢ Et 
2:33 <3 ae. # 
S&S “3s ‘% S ee ie - 
as, Se oe ’ cs ss 
4 ° Fs} - 2) = o e = =F 
Be ek = am aes 
Ble o = ao 3b 
© ,o& S 5S = os 33 
&422 88 A Bk cs 
tere ikreannwed "Se 34” ad “sadebs “ae . cee ASS 
akc a eee ee ok. we ws “Seddod® Gade cade” een 

January to June (inclusive, 

Se ENeeee Pte ao pa eee ee a ee 
Equivalent period, 1931.... 7 6 1 220,000 3 114,577 1,671,000 
OGM SURE” ceuedeassdces 8 7 1 250,000 37 126,471 1,797,000 

DIRECT FIRED OR UNIT SYSTEM 
pena SS * it RR ae a 
Pulverizers Water-tube Boilers 

sa Rin pe Rae 

pg a 12 5 7 44,850 13 47,9380 356,000 

SU Be | a a6 backs tase 14 6 8 59,360 11 56,030 530,290 

January to June (inclusive, 

1932) weer eeeceeeeeeee 40 27 13 207,338 36 199,086 1,868,450 
Equivalent period, 1931.... 46 33 13 279,110 35 246,880 2,960,165 
ce. : | Sa ee 72 52 20 450,960 58 417,327 4,455,585 

Fire-tube Boilers 
A. 

1. Boece re rer & Bag 4,230 4 5,500 37,250 
TOUR” ands < cbicus ree 4 1 3 4,000 + 5,750 22,100 
anuary to June (inclusive, 

EE aduacendatautetws 12 1 13 12,300 12 19,000 108,750 
Equivalent period, 1931.... 19 3 16 22.800 19 31,954 192,300 
pi ere eee a ae 39,300 37 59,761 347,100 
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NEW EQUIPMENT 


of interest to steam plant Engineers 





Hand Tachometer 


The Amthor Testing Instrument Com- 
pany, 309 Johnson St., Brooklyn, N. Y., 
has developed the Amthor type No. 350 
direct-reading Hand Tachometer. This 
instrument features automatic fixed 
reading, whereby the speed reading is 

















automatically fixed on the dial after each 
time the instrument is used. This tachom- 
eter may be used in the dark, if neces- 
sary, or in places where it is awkward to 
hold and read at the same time because 
of this new feature. 

The dial is graduated to read directly 
in r.p.m. but the instrument is equipped 
with accessories so that “ft. per min.” 
surface and belt speeds can be taken. 
The tachometer has four speed ranges, 
each of which is separately read over 
the entire circumference of the dial to 
give greater graduation space and conse- 
quently closer readings. Each is con- 
structed with a finely balanced cross- 
pendulum governor movement, is hand 
calibrated for accuracy, and is dead beat 
in action. Speeds up to 12,000 r.p.m. 
can be directly measured. 


Automatic Sieve Shaker 


The Newark Wire Cloth Company, 
Newark, New Jersey have recently de- 
veloped a mechanical testing sieve shaker 
device which they have named “End-Shak.” 





The “End-Shak” weighs 275 lb. includ- 
ing the motor and auto time switch. The 
base, overall is 33 in. by 13 in. A stan- 
dard % hp. motor is used—110 and 220 
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volt, 60 cycle alternating current, 1750 
r.p.m. Belt drive or special motor equip- 
ment is optional. The standard auto time 
switch automatically controls the period 
of the test. “End-Shak” is designed for 
8 in. dia. testing sieves, and may hold 
from 1 to 13 sieves. 

The following features are claimed: 1. 
elimination of most of the variable fac- 
tors in sieve testing, 2. laboratory and 
plant results are brought into closer re- 
lationship as, a. sample is spread _ uni- 
formly over the entire surface of the 
sieve, b. jumping and bouncing of the 
sample particles eliminated, c. wear and 
tear on parts minimized and d. operation 
is smooth and easy. 


Midwest Shaped Welding Nipples 


The Midwest Piping & Supply Com- 
pany, Inc., of St. Louis, Missouri, has 
recently placed on the market a line of 
Midwest Shaped Welding Nipples which 
eliminate templates when saddling one 
pipe upon another. The nipple is placed 
in position before the opening is cut in 
the pipe upon which it is to be saddled; 





the correct opening is then traced from 
the nipple contact line. As a result, the 
Midwest Welding Nipple assures an ac- 
curate fit. Both the shaped end and the 
square end are beveled for welding. 
Midwest Shaped Nipples (both 90 deg. 
and 45 deg.) are regularly made from 
standard weight and extra heavy wrought 
steel pipe and genuine wrought iron pipe; 
sizes are from 1% in. to 12 in. inclusively. 


Self-Balancing Indicating 
Potentiometer 


A new indicating potentiometer of the 
self-balancing type is the latest addition 
to the potentiometer line of the Brown 
Instrument Company, Philadelphia, Pa. 
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This is an advance in potentiometer de- 
sign since most indicating potentiom- 
eters hitherto have required hand bal- 
ancing. Aside from this main design 
feature, many other advantages are 
claimed for the new Brown Indicating 
Potentiometer. Among these are a long 
(40-in.) slide wire, positive spiral shaft 
drive, a non-slip clutch, a secondary 
pointer definitely fixing the size of step 





in moving the slide wire contact, inter- 
changeable case for universal mounting, 
mechanism swings out of case for easy 
inspection without interference with 
operation, mercury-in-glass switches in 
control models and automatic thermal 
equalization between cold junction ter- 
minals and compensation coil. 

This potentiometer has a scale with 
large figures, calibration marks and 
pointer; making accurate reading easy 
at a considerable distance. As a pyrom- 
eter this instrument can be supplied for 
any range from 0 to 100 deg. fahr. up to 
0 to 3000 deg. fahr. or for almost any 
span between these ranges. 


New Gear-Motors 


A line of gear-motors, readily adapt- 
able for application to machinery of 
widely various designs, has been an- 
nounced by the General Electric Com- 
pany. The underlying principle of these 
gear-motors consists of a normal speed 
motor in combination with a built-in in- 
ternal-helical planetary-gear speed-re- 
ducer. Since this type of construction 
permits a wide choice of speeds on the 
output shaft, it is possible to adapt a 
gear-motor to almost every type of low- 
speed drive. Compact construction, high 
efficiency, full horsepower rating of 
the motor at the output shaft, and simple 
design are some of the many features of 
these gear-motors. 

Gear-motors are also offered with spe- 
cial electrical characteristics, such as 
high starting torque with low starting 
current, normal starting torque with low 





varying 


adjustable, 
speed, multispeed, etc., or mechanical 
features such as totally enclosed; totally 
enclosed, fan-cooled; or Class I. Group 


starting current, 
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D, construction for use in hazardous gaa 
locations. 

Alternating current, polyphase, squir- 
rel-cage and wound-rotor gear-motors 
are available in ratings up to 75 hp., 
single phase to 5 hp., and d.c. to 7% hp. 
Direct current gear-motors are offered 
for those applications where either the 
advantages of adjustable speed drive or 
a d.c. source of supply render their use 
desirable. Standard gear-motors can be 
had with shaft speeds down to 13 r.p.m. 


Flue Gas Scrubber 


Due to the enactment of more rigid 
air pollution ordinances and more rigid 
enforcement of these ordinances, atmos- 
pheric pollution has become of primary 
importance to everyone whose business 
requires the operation of power or 
process equipment or other equipment, 
the atmospheric discharge from which 
produces smoke, fly ash, cinders or 
chemical pollution of the atmosphere. 
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Many plants have been seriously em- 
barrassed because of the violation of 
existing ordinances. The Riley Flue Gas 
Scrubber was developed by the Riley 
Stoker Corp., Worcester, Mass., and is 
now available to prevent air polution. 

The Riley Flue Gas Scrubber con- 
sists of a series of ribbed baffle plates 
placed vertically between two tanks. The 
gases which are to be cleaned pass 
through the scrubber horizontally. The 
baffle plates are placed at an angle to 
the direction of flow of gases and are so 
arranged as to cause the gases to suc- 
cessively impinge against the surfaces of 
the plates, Water from the upper tank 
of the scrubber is distributed over the 
faces of the baffle plates by distributing 
nozzles at the top of each of the plates. 

The gases passing through the 
scrubber zig zag paths impinge against 
the wet surfaces of the baffle plates. 
These wet surfaces arrest the dust par- 
ticles and soluble gases. The film of 
water flowing continuously over the sur- 
face of the baffle plates carries these 
impurities to the lower collecting tank. 
This settling tank is sufficiently large to 
hold several minutes’ discharge of water 
from the scrubber. The overflow from 
this tank is discharged into a drain. 

The design of Riley Flue Gas 
Scrubbers is based on the principle of re- 

- moving dust from flue gases by means 
of multiple films of water against which 
the flue gases must successively impinge 
during their travel through the scrubber. 
The use of films of water instead of 
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sprays tremendously decreases the sur- 
face of the water exposed to the flue 
gases and consequently the quantity of 
water evaporated and carried out of the 
stack by the gases is greatly reduced. 
Also as the flue gases do not pass 
through the films of water but merely 
impinge against the films of water, there 
is no tendency for the gases to carry 
away large quantities of entrained mois- 
ture. With the Riley Scrubber less than 
4 per cent of the water fed to the 
scrubber is evaporated and picked up by 
the gases whereas with the spray 
principle as high as 25 per cent of the 
water may be lost through evaporation. 
Consequently, with the Riley Scrubber 
the dew point of the gases leaving the 
scrubber is not seriously affected. 

It is claimed that because of the ef- 
fectiveness of the films of water in re- 
moving the dust from the flue gases, the 
size of the scrubbers to take care of a 
given steam. output or in other words a 
given quantity of flue gas is compara- 
tively small, making possible their in- 
stallation under restricted space condi- 
tions and at reasonable investment cost 


Inverted Bucket Trap 


The Swartwout Company, 18511 
Euclid Avenue, Cleveland, Ohio, an- 
nounces the New Swartwout Type “A” 
Inverted Bucket Trap. 

The body of a Swartwout Type A in- 
verted bucket trap in operation is sub- 
stantially full of water at all times. 
When the upper part of the bucket is 
partly full of steam and air the bucket 
floats and keeps the valve closed. 

Air escapes through the small vent in 
the top of the bucket, and collects in the 
top of the trap, ready to go out at the 
next discharge. Steam also escapes 
through the same vent, condensing in 
the water above the bucket. As water 
replaces this air and steam in the bucket, 
the bucket loses its buoyancy and opens 
the valve. 

As long as condensation continues to 
come into the bottom of the trap, the 
bucket remains down and the valve 
open, the water going out of the top 





of the trap as fast as it comes in the 
bottom. The last of the condensation 
entering the trap is followed by steam 
and air, which fills the bucket by dis- 
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placing the water. Thereupon the bucket 
rises and closes the valve and the cycle 
of operation is repeated. 


Covering power requirements from 50 
to 1000 hp., in two or eight cylinder 
units, a line of four-cycle direct injec- 
tion moderate speed Diesel engines for 
stationary and marine services, recently 
has been introduced by the Worthing- 
ton Pump and Machinery Corporation, 
Harrison, N. J. 

These Diesels have individual fuel 
pumps for each cylinder which hydraul- 
ically control the injection of fuel lines 
of equal length, individual air starting 
pilot valves to control the admission of 
starting air to each cylinder and pres- 
sure-actuated spray valves. In the larger 
engines, air inlet and exhaust valves are 
carried in removable and interchangeable 
cages, the exhaust valve cages being 
water cooled; in the smaller engines, 
these valves (also interchangeable and 
adjustable) seat directly in the cylinder 
head and operate in removable bushings. 

Lubricating oil is circulated, through a 
cast-in main duct in the base with cast- 
in branches leading to the bottom of 
each main bearing, by an attached 
pump. From the main bearings, the oil 
reaches the crank and wrist-pin bear- 





ings under pressure through drilled pas- 
sages in the crankshaft and connecting 
rods. Other points requiring lubrication 
—camshaft gear, governor, etc.—are sup- 
plied with oil under pressure from the 
flywheel and of the main oil duct. In 
all but the smallest engines, the cylin- 
ders are two-point lubricated by force- 
feed. 

The camshaft, readily removable at 
right angles, is driven by spur gears with 
silent spiral teeth from the flywheel end 
of the engine. The entire camshaft as- 
sembly, including its lubrication, is in- 
closed with a tight cover. Cooling is 
provided at all essential points, including 
the exhaust manifold, the principal fea- 
ture being that the flow in all jackets is 
so directed that high water velocities re- 
sult and there are no dead pockets. 
Large handholes permit ready cleaning 
of the jackets of both cylinder liners and 
heads, and large doors in front and rear 
give unobstructed access to main and 
crank bearings. 

These Diesels can be easily converted 
to operation on manufactured or natural 
gas—the same base, frame, crankshaft 
and connecting rod being used for both 
engines. The camshaft is the same ex- 
cept that the fuel cams are omitted or 
not used if the engines are to operate 
on gas. When running on gas, a mag- 
neto and spark plugs replace fuel pumps 
and spray valves; a mixing valve is 
bolted to the end of the regular inlet 
manifold; and gas engine cylinders, with 
larger valves in the heads, are substi- 
tuted. 
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NEW CATALOGS AND BULLETINS 


Any of the following publications will be sent to you upon request. 
the manufacturer 


request direct to 


and mention 


Address your 
COMBUSTION Magazine 





Cranes 
A book has been just published en- 


titled “Overhead Handling at Low 
Cost” describing Whiting Cranes, These 
cranes are built in capacities ranging 


from 3 to 350 tons and are adapted to 
power plant, railroad, foundry and gen- 
eral industrial work. The Whiting 
Crane design and construction are gone 
into in great detail. Many photographs 
of ee of various types are 
shown. Tables giving various data are 
also included. 68 pages and cover, 8% 
x 11—Whiting Corporation, Harvey, 
Illinois. 


Expansion Joints 


A new illustrated bulletin No. 40-A 
describes in detail the ‘“Flexodisc” pack- 
less expansion joint suitable for provid- 
ing expansion in_ steam mains, miscel- 
laneous ‘piping and for special expansion 
problems, available in sizes from 3 in. 
to 30 in. expansion element of alloy 
steel. 8 pages, 84% x 11—Croll-Reynolds 
Engineering Company, Inc., 17 John 
Street, New York. 


Fans 


A new catalog has just been issued 
describing Butfalo Limit Load Conoidal 
Fans. These fans have fixed inlet vanes 
which are claimed to materially reduce 
noise and increase the efficiency. The 
vanes also provide an effective safety 
guard without the obstruction to air 
flow encountered with a screen. The 
outlet extends out beyond the scroll 
lines of the housings a sufficient distance 
to provide a proper cut-off and tangen- 
tial flare from tip of wheel to the lower 
side of outlet, thus reducing turbulence 
and noise. 8 pages, 8% x 11—Buffalo 
Forge Company, Buffalo, New York. 


Feed Water Regulator 


A pamphlet has been recently pub- 
lished describing the new Copes Type 
DA Feed Water Regulator. This regu- 
lator is simply a disk valve actuated by 
an expansion tube or thermostat. This 
tube is in tension, eliminating any 
chance for compression strain. The fea- 
tures claimed are as follows:—Easily in- 
stalled, results are good whether the 
installation is made indoors or outdoors, 
fully automatic, will hold the water 
level constant. 4 pages, 8% x 11—North- 
ern Equipment Company, Erie, Pa. 


Gaskets 


A pamphlet has recently been issued 
describing the design and construction 
of Kell-Raph Copper Plated Gaskets for 
high pressure, high temperature pipe 
joints. This gasket consists of a steel 
core, plated with a copper coating which 
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is applied by a special process assur- 
ing uniform thickness. Gaskets to be 
applied to Van Stone joints have a de- 
vice attached to them which automati- 
cally centers them in the joint. 4 pages, 
8% x 11—The M. W. Kellogg Company, 
225 Broadway, New York, N. Y 


Small Stoker Unit 


A pamphlet has just been issued illus- 
trating and describing the design, con- 
struction and operating features of the 
new Type E Stoker-Unit. This stoker is 
a small replica of the Type E Underfeed 
Stoker which was introduced to American 
steam practice 30 years ago. It is particu- 
larly adapted to heating and small indus- 
trial plant boilers and is built in capacities 
ranging from 40 to 200 developed boiler 
horsepower and in terms of steam radia- 
tion capacity, these developed capacities 
correspond to 5500 to 28,000 sq. ft. respec- 
tively. Line drawings and a table of 
principal dimensions are included, 4 pages, 
84x 11—Combustion Engineering Cor- 
<a 200 Madison Avenue, New York, 


Stainless Steel Tubes 


The Globe Stainless Tube Company, 
manufacturers of seamless _ stainless 
tubes, have issued the third edition to 
their bulletin No. 1 giving in tabulated 
form the various stainless steels, their 
trade names, manufacturers and analyses. 
6 pages, 8% Globe Stainless Tube 
Company, Milwaukee, Wisconsin. 





Steam Engine Savings 


How six representative concerns cut 
power costs is the story told in a re- 
cently issued pamphlet. The surveys 
were purposely made in various parts of 
the country of various applications under 
different operating conditions. This was 
done to afford interested investigators 
an opportunity to grasp the extent of 
the savings ability of + Troy-Engberg 
equipment. The surveys cover the fol- 
lowing types of installations: draft fan 
and underfeed stoker drive, d.c. and a.c. 
power and light generation, chain-grate 
stoker drive, compressor drive and venti- 
lating fan drive. 8 pages and cover, 
84% x 11—Troy Engine & Machine Com- 
pany, Troy, Pennsylvania. 


Superheaters 


A pamphlet has just been issued de- 
scribing the newly designed superheater 
for h.r.t. boilers. This superheater com- 
prises two cast-steel headers which are 
suspended one on each side of the boiler 
shell and are connected by detachable 
tubular elements or units extending 
around the underside of the boiler. The 
headers are supported by adjustable 
clamped steel rods. By raising or lower- 
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ing the headers the units are correspond- 
ingly raised or lowered in the combus- 
tion chamber, thus regulating the super- 
heat or final temperature of the steam. 
4 pages, 8% x 11—The Superheater 
Company, 60 East 42nd Street, New 
York, N. Y. 


Tandem Blow-Off Valve 


Bulletin 693 recently published de- 
scribes the new Cochrane ‘landem 
Blow-off Valve. This valve embodies 
the same principles as the high-pressure 
tandem blow-off valve brought out by 
the same company about three years 
ago; namely, it comprises a_ single 
forged-steel body in which are combined 
a rotatable gate valve and a compound 
screw down valve. This new valve, now 
offered for lower pressures, has a valve 
body made of nickel chromium alloy 
cast iron for pressures up to 250 lb., and 
of cast steel for pressures up to 400 Ib. 
4 pages, 8% x 11—Cochrane Corpora- 
tion, Philadelphia, Pennsylvania. 


Temperature Controllers 


Catalog No. 177 describes the design 
and construction of the Foxboro Tem- 
perature Controllers. This controller 
consists of two major units—the thermal 
element which is sensitive to the tem- 
perature changes and the air operated 
control unit, which regulates the admis- 
sion of the heating or cooling medium 
through the controlled valve. The cata- 
log is well illustrated and contains 
many tables and charts. 48 pages, 8% x 


11—The Foxboro Company, Foxboro, 
Mass. 


Turbine Blowers 


Bulletin T-97 describes the design, 
construction, capacities and application 
of the Wing Turbine Blowers for 
stoker-fired or hand-fired boilers. The 
bulletin is profusely illustrated and also 
contains charts and tables. 16 pages 
and cover, 8% x 11—L. J. Wing Mfg. 
Company, 154 West 14th Street, New 
York, N. Y. 
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REVIEW OF NEW TECHNICAL BOOKS 


Any of the books reviewed on this page may be secured from 
In-Ce-Co Publishing Corporation, 200 Madison Avenue, New York 





Pulverized Fuel Firing 
By Sydney H. North 


ULVERIZED fuel, like many other important 

engineering developments, went through a long 
period of uneventful experimentation and then 
suddenly achieved almost universal acceptance as 
the most efficient of all methods of coal combus- 
tion. he earliest known inventions in this field 
were made as long ago as 1818, and during the re- 
mainder of the nineteenth century and the early 
part of the twentieth the idea flared up sporadically 
to hold interest for a short while and then die out 
again. While some apparently successful appli- 
cations were made in the years from 1900 to 1915, 
especially in the cement and metallurgical indus- 
tries, it was not until after that period that pul- 
verized fuel, as applied to stationary boilers, really 
proved its case. From then on its progress 
throughout the world is common knowledge. 

The author of this book, an Englishman, briefly 
reviews the history of pulverized fuel as a prelude 
to a discussion of its development to the present 
day. Contemporary designs of furnaces, burners, 
feeders, pulverizing mills, driers, dust collectors, 
etc., are described and illustrated, as are actual in- 
stallations in America and: Europe which exem- 
plify the trends of practice. Chapters are devoted 
to the combustion of pulverized fuel and its use in 
connection with lLanchashire boilers, marine 
boilers and in metallurgical furnaces. 

All in all, this book presents an up-to-date sur- 
vey of pulverized fuel firing with respect to both 
American and European practice. As such il 
serves a valuable purpose, since few books on this 
subject have been published within the past few 
years, during which period improvements in 
equipment and progress in the art have advanced 
rapidly. 

This book contains 204 pages, size 5 x 7%. 


$2.25. 


Price 


American Machinists’ Handbook 
(Fifth Edition) 


By Fred H. Colvin and Frank A. Stanley 


HE Fifth Edition of the American Machin- 
ists’ Handbook needs no introduction, as 
this book has come to be recognized everywhere as 
the standard manual of data, methods and defini- 


tions for apprentices, machinists, toolmakers, 
draftsmen, designers, foremen, superintendents, 
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and all others connected with machine shop work. 

Constantly the authors have changed and revised 
it, so that page for page it represents only the most 
helpful and needed data in the metal-working, ma- 
chinery manufacturing and allied industries. 

Every section of the Fifth Edition has been thor- 
oughly revised—some of them have been practi- 
cally entirely re-written. A great deal of the new 
material is in the shape of data and methods which 
have been developed and are now being used in 
some of the world’s leading manufacturing con- 
cerns. Another feature is in the insertion of special 
lables and diagrams to help in estimating and se- 
Jecting proper equipment for various jobs. Obso- 
lete material has been weeded out, making the book 
100 per cent usable and up-to-date. 

This flexible-bound volume, of a handy, pocket 
size, 4 x 7, contains 1140 pages. Price $4.00. 


Handbook of the National District 
Heating Association—1932 
(Second Edition) 


HIS handbook, which is essentially an en- 

cyclopedia of district healing, will be of inter- 

est and value not only to those who are actively 

engaged in this work but also to those who desire 

to familiarize themselves with [this important in- 
dustry. 

The material conlained in this book is drawn 
from the wealth of papers and reports in the 
Associalion’s proceedings, and from the files of 
many operating companies which have given their 
generous support to this enterprise. Every effort 
has been made to insure that the data and ideas 
which are offered are authentic and well-seasoned 
rather than representing merely the thoughts of 
individuals. 

The opening chapter tells of the growth of this 
industry from its beginning in 1877 up to the 
present. Other chapters present engineering data 
useful in the calculation of heating requirements, 
planning and designing of heating plants and sys- 
tems. The final chapters discuss rates and sales 
activities of the district heating industry, and the 
economical use of steam. This latter chapter is 
probably one of the most interesting and valuable 
chapters of the book as it gives much detailed in- 
formation covering the possibilities of reducing 
wasle in steam. 

This book, containing 538 pages, has a flexible 
fabrikoid binding, size 6 x 9. Price $5.00. 
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BOOKS 
FOR 
THE 

ENGINEER 


1—Nature of a Gas 


By Leonard B. Loeb 
153 Pages 6x9 $2.50 


This book presents in an exceptionally 
clear manner the essential facts cover- 
ing atomic and gaseous structure. It 
will serve as an excellent introduction 
to engineers and industrial technicians 
on the electrical properties of a gas as 
a preparation for more advanced and 
technical monographs on the _ subject. 
The volume is brief, concise, but gives 
all necessary data on the breakdown of 
solid and liquid dielectrics. 

The book is developed in an interest- 
ing and logical manner, and is the only 
compilation of reliable data on electrical 
properties of gases. It will appeal to 
physicists, chemists, electrical engineers 
and all those who work on electrical 
problems in which a gas is used as an 
insulator or conductor, or where its 
presence modifies the main phenomenon. 


2—A Handbook of English in 
Engineering Use 
By A. C. Howell 
308 Pages Price $2.50 


Here is a real up-to-the-minute hand- 
book that should be on the desk of every 
technical writer. Most engineers have 
occasion to do considerable writing and 
will find this useful. Chapters are de- 
voted to word usage and idioms, sen- 
tence and paragraph structure, compo- 
sition, punctuation and the mechanics of 
writing and grammar. Examples cover 
letters, reports and technical articles. 


3—Handbook of Oil Burning 
By Harry F. Tapp 
Price $3.00 


Contains information of practical value 
to the engineer or contractor whose 
work requires a knowledge of oil burn- 
ing, heating or power equipment. Covers 
comprehensively the industrial applica- 
tion of oil as fuel, with drawings, illus- 
trations and tables of this style of in- 
stallation. Also discusses the various 
types of oil burner and principles of con- 
struction, oil burner controls and mo- 
tors and fuel tanks and storage. Con- 
tains also a wealth of general informa- 
tion such as the chemistry of combus- 
tion and flame, fundamentals of heat and 
heat transfer, the determination of heat- 
ing capacity requirements and compara- 
tive fuel costs. 


629 Pages 


4—Draft and Capacity of 
Chimneys 


By J. G. Mingle 


339 Pages Illustrated Price $3.50 


The most authoritative book ever pub- 
lished on the subject of draft and chim- 
neys. The subject matter has been de- 
veloped primarily from a_ theoretical 
standpoint and then amplified by experi- 
mental data gleaned from actual prac- 
tice. 

The author observes that draft, even 
to the expert, frequently contains an 
element of mystery, and that there is 
often a great deal of confusion and mis- 
conception on the subject. A careful 
study of this book will give a thorough 
and practical knowledge of this im- 
portant subject. The book is profusely 
illustrated with graphs and_ charts. 
Many valuable tables are included and 
the index has been prepared for ready 
reference. 


5—Steam Tables and Mollier 
Diagram 
By Joseph H. Keenan 
Price $2.00 


These new Steam Tables, extending to 
a pressure of 3500 lb. per sq. in. and 
a temperature of 1000 deg. fahr., were 
developed from the latest experimental 
data secured by investigators in labora- 
tories of Europe and those of the 
United States. The Symbols used in 
this work are taken from the latest test 
prepared by the A. S. A. Sub-Committee 
for Heat and Thermodynamics. A large 
copy of the new Mollier Diagram (23” 
x 34”) is also included. 


6—Combustion in the Power 
Plant (A Coal Burner’s 
Manual) 


By T. A. Marsh 
Price $2.00 


The author’s discussion of coals and 
combustion is simple and understandable. 
His consideration of equipment—stok- 
ers, boilers, furnaces, fans and auxili- 
aries—is thoroughly practical. He tells 
how to select a stoker for the best avail- 
able coal; how to design furnaces and 
arches; how to analyze draft problems 
and design chimneys, gas flues and 
boiler passes; how to purchase coal and 
calculate steam costs. In short, he gives 
to every phase of his subject a practical 
interpretation that makes this book of 
exceptional value to men actually identi- 
fied with steam plant design and oper- 
ation. 


255 Pages 


Postage prepaid in the United States on all orders accompanied by remittance or amounting to five 
dollars or over. 


UY G IN-CE-CO PUBLISHING CORP., 200 Madison Ave., New York, N. Y. 
name Enclosed find check for $ 
NAME 


ADDRESS 


for which please send me the books listed by number 
Books Nos. 
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